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Electrical Stimulator of the Gastrointestinal Tract 

Area of Technology 

The invention relates to medicine, specifically to medical technology, and can be used for 
electrical stimulation of the organs of the gastrointestinal tract (GI tract) and mucous membranes 
in abdominal surgery and for treatment of diseases having a therapeutic profile. 

Prior Art 

A special apparatus with biocontrol is known that was used to conduct experimental 
investigations (see MA. Sobakin and V.A. Shepelev, "Further instrumental methods of 
providing electrical stimulation of the stomach using the feedback principle", ExperimentaVnaia 
khirurgiia i anesteziologiia, 1973, no. 2, p. 26), in which pulses were issued during each phase of 
the positive half wave of the subject's biopotential which enter from implanted electrodes. The 
shortcoming of this method of electrical stimulation of the GI tract is the limitation of its area of 
application, which is possible only in patients who are undergoing operations, with the patient 
being tied to the apparatus. 

An electrical stimulator called EGS-35-1 "ENDOTON-1" is known which has the 
dimensions of 395 x 305 x 100 mm and a mass of 3 kg (see Elektrostimuliatsiia zheludochno- 
kishechnogo trakta [electrical stimulation of the gastrointestinal tract], Moscow: Meditsina, 
1978, by A. A. Vishnevskij A.V. Livshits, and M.P. Vilianskii). The same publication also 
describes contemporary principles and methods of electrical stimulation of organs of the GI tract. 
This and other external electrical stimulators use a set of electrodes, one rectal or duodenal probe 
electrode, the other epicutaneous, or one bipolar electrode. The shortcoming of this type of 
electrical stimulator is that during the electrical stimulation session the patient is tied to the 
electrical stimulator by wires, and it is difficult to use them outside a medical institution. 

A probe stimulator is known for protracted action on the stomach and sections of the GI 
tract within the limits of the length of a connecting tube (Russian Federation patent no. 1223922, 
int.cl. A61 N 1/36, published in Biulleten' izobretenii [bulletin of inventions] no. 14, 1986). Its 
shortcoming is its limited area of application: it is possible only in an outpatient clinic or in 
hospital. 

An electrical stimulator is known containing a pulse generator, a source of power, 
electrodes, with the electrode anode being coated by a solid conducting film made of 
microelements having a thickness not greater than 10 microns (Russian Federation patent no. 
2036671, int.cl. A61 N 1/36, published in Biulleten' izobretenii [bulletin of inventions] no. 16, 
1995). The shortcomings of this invention are the facts that microelements from the coating are 
inserted on the entire extent of the GI tract, the absence of treatment specificity and feedback 
from the state of the GI tract and the from subjective sensations of the patient, which limits the 
area of application of the electrical stimulator. On the other hand, the stimulator models that are 
put out have to be strictly typed by coating, which complicates their use. 
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Technically closest is a GI tract electrical stimulator comprising electrodes which are two 
electrically insulated parts of a medicinal capsule which contains a pulse generator and a source 
of power and is capable of autonomously moving throughout the entire gastrointestinal tract and 
acting with electrical pulses on its entire extent (Russian Federation patent no. 936931, int.cl. 
A61 N 1/36, published in Biulleten* izobretenii [bulletin of inventions] no. 23, 1982). The 
autonomous GI tract electrical stimulator makes it possible to achieve a positive effect in the 
treatment and prophylaxis of various diseases (see Avtonomnye elektrostimuliatory organizma 
cheloveka i zhivotnykh [autonomous electrical stimulators of the human and animal organism], 
V.V. Pekarskii et al SMU, Tomsk, 1995, "Autonomous electrical stimulation of the GI tract", by 
G.Ts. Dambaev et al, Sibirskii zhurnal gastroenterologii i gepatologii, October 1996, vol. 1, 
no.2). However, the fact that the GI tract electrical stimulation parameters receive no feedback 
from the organs of the GI tract and from the subjective sensations of the patient — pains and 
muscle spasms which occur when passing through certain sections of the GI tract means that 
there is a number of contraindications to its use, and this makes its use insufficiently effective 
and can cause side effects. 

Side Effects 

The task on which the proposed invention is based is to create an autonomous GI tract 
electrical stimulator which is capable of increasing the effectiveness of treatment and prophylaxis 
of diseases, and also eliminating side effects by introducing feedback between the state of the 
internal organs and the patient's subjective sensations, on the one hand, and the GI tract electrical 
stimulation parameters, on the other hand. Feedback is introduced by providing the capability of 
controlling the electrical stimulator and changing the pulse parameters in accordance with the 
treatment methods or patient's subjective sensations in the process of electrical stimulation. 
Increasing the effectiveness of treatment is also made possible by controlling the process of 
introducing microelements or preparations via the electrochemical route into the required 
sections of the GI tract and the mucous membranes in accordance with the prescribed treatment, 
and increasing the convenience of use is made possible by having the patient put on the 
changeable electrodes with coatings of microelements or medicinal preparations prescribed for 
treatment. 

The given task is solved by introducing, into the GI tract electrical stimulator, devices for 
receiving signals from the internal organs and/or signals from an external transmitter and a 
control unit, with outputs 1-N of the device for receiving signals from the internal organs and/or 
signals from an external transmitter being connected to inputs 1-N of the control unit, which is 
capable of issuing, on the basis of a given apparatus or program algorithm, a series of pulses to 
the electrical stimulator electrodes as a function of the signals it receives on its N inputs from the 
N outputs of the device for receiving signals from the internal organs and/or signals from an 
external transmitter. 

The task of increasing the effectiveness of treatment and prophylaxis of diseases by 
establishing feedback between the subjective sensations of the patient and the parameters for 
electrical stimulation of the GI tract organs is accomplished by introducing, into the device for 
receiving signals from the internal organs and/or signals from an external transmitter, a sensor of 
signals from the external transmitter. 
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Thus, in order to increase the effectiveness of treatment and prophylaxis of diseases by 
means of establishing feedback between the physiological parameters of the organs of the GI 
tract and correction of the parameters of the stimulating pulses as a function of their use, the 
device for receiving signals from the internal organs and/or signals from an external transmitter 
contains a pressure sensor, a pressure gradient (drop) sensor, a pH sensor, an acoustic sensor, a 
temperature sensor, a biopotential sensor, and a sensor of the conductivity of the stimulated 
tissues. 

In order to increase the effectiveness of treatment and selective introduction of 
microelements or medicinal preparations into the required sections of the GI tract, P positive 
electrodes are introduced into the electrical stimulator which have a coating of microelements or 
medicinal preparations and which are connected to separate P outputs of the control unit. 

In order to increase the selectivity of treatment and prophylaxis of diseases, and also for 
convenience of use, changeable electrodes are used in the electrical stimulator. 

To allow observation of the state of the internal organs, the electrical stimulator contains 
a signal transmitter. 

The task on which the invention is based is solved by a GI tract electrical stimulator 
containing a body with electrodes in the form of a medicinal capsule containing a power source 
and which also contain a control unit, M outputs of which are connected to M electrodes, and a 
device for receiving signals from the internal organs and/or signals from an external transmitter, 
outputs 1-N of which are connected to inputs 1-N of the control unit. 

The device for receiving signals from the internal organs and/or signals from an external 
transmitter is made in the form of sensors 1-N which record the physiological parameters of the 
motor-evacuatory function and the current state of the GI tract organs, and also an external 
transmitter whose outputs are the outputs of the device for receiving signals from the internal 
organs and/or signals from an external transmitter. The device for receiving signals from the 
internal organs and/or signals from an external transmitter is made in the form of a pressure 
sensor, a pressure gradient sensor, a pH sensor, an acoustic sensor, a temperature sensor, a 
biopotential sensor, and a conductivity sensor, with it being possible for the electrodes of the 
biopotential sensor and the conductivity sensor to be electrodes of the electrical stimulator. 

The electrical stimulator also contains a signal transmitter, inputs 1-N of which are 
connected to outputs 1-N of a device for receiving signals from the internal organs and/or from 
an external transmitter, and its N+lst input is connected to a separate output of the control unit. 

The electrical stimulator contains positive electrodes 1-P coated with microelements or 
medicinal preparations, with it being possible for them to be detachable. 

The control unit in the best embodiment contains a microcontroller, analog-digital inputs 
1-N of which are connected through amplifiers to the corresponding outputs 1-N of a device for 
receiving signals from the internal organs and/or signals from an external transmitter, and outputs 
1-M, which are outputs 1-M of the control unit, being connected to the corresponding electrodes 
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1-M of the electrical stimulator, and additional outputs 1-P of a microcontroller, which are 
outputs 1-P of the control unit, being connected to additional electrodes 1-P. 

The dimensions and shape of the electrical stimulator are limited by those which allow it 
to be introduced into the gastrointestinal tract orally and rectally, or for vaginal use. 

The basic positive effect that autonomous electrical stimulators have is their capability of 
restoring the motor-evacuatory function of the GI tract. The proposed GI tract electrical 
stimulator, in distinction to known ones, is capable of autonomously moving throughout the 
entire gastrointestinal tract and selectively acting with electrical pulses on sections having 
disturbed periodic activity, consequently reestablishing the function of the organs over the entire 
length of the GI tract. In addition to providing the existing positive effect of autonomous 
electrical stimulation of the organs of the GI tract, which has already been experimentally proven 
and is in wide clinical practice, the use of the proposed electrical stimulator provides the new 
capability of applying electrical stimulation in a selective and targeted manner to the required 
sections and organs of the GI tract, increasing the effectiveness of treatment by introducing 
prescribed medicinal preparations and microelements into necessary sections of the GI tract by 
the electrochemical route, and it becomes possible to regulate the parameters of autonomous 
electrical stimulation as a function of the state of the internal organs and the subjective sensations 
of the patient. It becomes possible to select the regimens of autonomous electrical stimulation as 
a function of the nature of the disease and the current state of motor activity and of other 
indicators of the state of organs of the GI tract. 

The goals mentioned above, the characteristics and advantages of this invention will 
become clearer from the following detailed description, which is accompanied by corresponding 
drawings. 

Brief Description of Drawings 
Fig. 1 shows the design of a electrical stimulator of the gastrointestinal tract. 
Fig. 2 shows a block diagram of the electrical stimulator. 

Fig. 3 shows a block diagram of the control unit in the simplest embodiment with 
external control. 

Fig. 4 shows a block diagram of the control unit in an embodiment with tracking of the 
activity of the GI tract and external control. 

Fig. 5 shows a block diagram of the control unit in an embodiment with microchannel 
tracking of the state of the organs in the GI tract and of signals from the external control for 
correlation with the parameters of electrical stimulation. 

Detailed Description of the Embodiments 

The electrical stimulator of the GI tract (Fig. 1, Fig. 2) consists of a body 1, made in the 
form of a medicinal capsule, consisting of a dielectric shell 2, which has electrodes 3 (3-1, ... 3-. 
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M) attached to it, a power source 4, a control unit 5, M outputs of which are connected to M 
corresponding electrodes, a device 6 for receiving signals from the internal organs and/or signals 
from an external transmitter, outputs 1-N of which are connected to inputs 1-N of the control unit 
5. Additional electrodes 7-1, ... 7-P are connected to separate outputs 1-P of the control unit 5. 
Additional electrodes 7 can be changeable. Contact spring 8 unites the negative pole of the power 
source 4 with the control unit 5, and contact spring 9 unites the positive pole of the power source 
4 with the control unit 5. Signal transmitter 10 is made to be able to transmit information to an 
external transmitter from its inputs, to which are connected outputs 1 -N of the device 6 for 
receiving signals from the internal organs and/or signals from an external transmitter, and input 
N+l has a separate output of the control unit 5 connected to it. The dimensions of the GI tract 
electrical stimulator are limited by those which allow it to be introduced into the gastrointestinal 
tract orally and rectally, or for vaginal use. 

In the simplest embodiment (Fig. 3), the control unit 5 contains a filtering device 1 1, an 
input of which is the input of the control unit 5 and is connected to an output of device 6 for 
receiving signals from the internal organs and/or signals from an external transmitter, an output 
of the filtering device 1 1 is connected to an input of a limiting amplifier 12, an output of which is 
the output of the control unit 5 and is connected to the first electrode (3-1) of the electrical 
stimulator, and the common bar is connected to the second electrode (3-2). 

Another embodiment of the control unit 5 (Fig. 4) is made in the form of an integrator 13, 
an input of which is the first input of the control unit 5 and is connected to an output of device 6 
for receiving signals from the internal organs and/or signals from an external transmitter, an 
output of integrator 13 is connected to an input of threshold device 14, an output of which is 
connected to the first input of OR circuit 15, whose output is connected to the controlling input 
of generator 16 of a series of pulses, whose outputs are the outputs of control unit 5 and are 
connected to electrodes 3 (3-1, 3-2). Control unit 5 contains first and second filtering devices 17 
and 18, whose inputs are connected to one another and are the second input of control unit 5 and 
are connected to the second output of device 6 (6-2) for receiving signals from the internal organs 
and/or signals from an external transmitter. The second input of OR circuit 15 is connected to 
output RS of trigger 1 9, whose regulating input is connected to the output of first filtering device 
17, whose reset input is connected to the output of filtering device 18. 

In the best embodiment (Fig. 5), control unit 5 is made in the form of a microcontroller 
21, whose analog-digital inputs 1-N are connected through amplifiers 20, whose inputs are inputs 
1-N of control unit 5, to the corresponding outputs 1-N of device 6 for receiving signals from the 
internal organs and/or signals from an external transmitter, and its outputs 1 -M 5 which are 
outputs 1-M of the control unit, are connected to the corresponding electrodes 1-M of the 
electrical stimulator, and additional outputs 1-P of microcontroller 16, which are outputs 1-P of 
the control unit, are connected with additional electrodes 7 1-P. 

The electrical stimulator of the GI tract operates as follows. The electrical stimulator is 
introduced into the gastrointestinal tract orally or rectally. A series of pulses with mean static 
characteristics come from control unit 5 to electrodes 3-1, . 3-M. Device 6 for receiving signals 
from the internal organs and/or signals from an external transmitter records data about the 
physiological activity of the GI tract: about the peristaltic waves produced which are transmitted 
to inputs 1-N of control unit 5. When sufficiently high motor activity is achieved in the GI tract, 
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which is characterized by a certain amplitude and frequency of the voltage entering from the 
pressure sensor and the biopotential sensor (evaluation criteria and pulse parameters are given in 
the work Avtonomnye elektrostimuliatory organizma cheloveka i zhivotnykh [autonomous 
electrical stimulators of the human and animal organism], V.V. Pekarskii et al SMU, Tomsk, 
1995), i.e. when GI tract motor evacuatory functions are restored or when another effect is 
achieved by electrical stimulation, control unit 5 turns off the series of pulses or changes their 
parameters. The parameters of the stimulating pulses are changed from mean static when the 
reaction of the GI tract organs to electrical stimulation is different from the mean static 
characteristics accumulated in the process of applying electrical stimulation of the GI tract. For 
example, if there is low motor activity in the organs of the GI tract after a certain period of 
stimulation by pulses having mean static characteristics (current, voltage), the current or voltage 
of electrical stimulation can be gradually increased until a positive effect is achieved. After the 
pulses are turned off or their parameters are changed, control unit 5 continues to track, according 
to a program that is loaded in microcontroller 21, the activity of the GI tract using the signals 
coming from the internal organs to device 6 for receiving signals from the internal organs and/or 
signals from an external transmitter and is able, in accordance with the specified program, to turn 
on a certain regimen of electrical stimulation, and to turn on additional electrodes separately or in 
combination as a function of the specified treatment program. Thus, for example, it is possible to 
carry out electrical stimulation of the GI tract with biological control, as described by M. A. 
Sobakin and V.A. Shepelev in the work "Further instrumental methods of providing electrical 
stimulation of the stomach using the feedback principle", Experimental 'naia khirurgiia i 
anesteziologiia, 1973, no. 2, p. 26). Device 6 for receiving signals from the internal organs and/or 
signals from an external transmitter records biopotential of the GI tract, and in each phase of the 
positive half wave of biopotential of the GI tract control unit 5 issues stimulating pulses to the 
electrodes of the electrical stimulator. Using device 6 for receiving signals from the internal 
organs and/or signals from an external transmitter, made in the form of a pH (acidity) sensor, it is 
possible to track the movement of the electrical stimulator from the stomach, with its acidic 
medium, into the intestine with its basic medium, which is necessary to know when prescribing 
electrical stimulation and/or introducing microelements and medicinal preparations into certain 
sections of the GI tract. Recording a reduction in acidity from pH 1.9 to pH 5.5 provides 
evidence that electrical stimulation has achieved a positive effect in gastritis patients (see 
Avtonomnye elektrostimuliatory organizma cheloveka i zhivotnykh [autonomous electrical 
stimulators of the human and animal organism], p. 68). If the temperature sensor records an 
increase in the temperature of the GI tract above the level at which the use of electrical 
stimulation is contraindicated (ibid, p. 6), the specified program allows control unit 5 to turn off 
the electrical stimulator automatically. If the activity of the GI tract decreases below a certain 
level, control unit 5 turns on a series of pulses and regulates their issuance to electrodes 3-1, .. . 
3-M, which touch the intestinal walls. The electrical pulses acting on the intestinal wall cause a 
reaction in the form of a peristaltic wave, which moves the electrical stimulator and the contents 
of the intestine into its distal sections, to which the next series of pulses is applied, and the 
process is repeated. 

When pains or muscular spasms occur when passing through certain sections of the GI 
tract, the patient can turn off the electrical stimulator or change the parameters of its pulses 
(reduce the current and/or voltage) using the external transmitter, which can be, but does not 
necessarily have to be a device, for example the signals to turn it on or off could be issued by 
slapping the muscles of the prelum abdominale. This makes it possible to stop the muscle spasms 
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and pains in the patient, that is to reduce the negative side effects of using autonomous electrical 
stimulation of the GI tract. It is possible for the attending physician to perform observations using 
the signals coming from the internal organs, and the signals transmitted by transmitter 10 to the 
external receiver [can be used] for finer diagnosis and treatment. 

The electrical stimulator contains a device 6 for receiving signals from the internal organs 
and/or signals from an external transmitter which is made in the form of sensors 1-N which 
record the physiological parameters of the motor-evacuatory function and the state of the organs 
of the GI tract, and also signals from the external transmitter. Device 6 can contain a pressure 
sensor, a pressure gradient sensor, a pH (acidity) sensor, a background (acoustic) activity sensor, 
a biopotential sensor, a sensor of the conductivity (impedance) of the adjacent tissues, a tempera- 
ture sensor, etc., with it being possible for the electrodes of the sensor of conductivity of the 
adjacent tissues and the electrodes of the biopotential sensor to be provided by the electrodes of 
the electrical stimulator, both the basic ones, and the additional ones, with it being possible in 
this case to connect the electrodes directly to the inputs of control unit 5 to allow the 
measurement of the conductivity of the adjacent tissues and reading of biopotential. Device 6 
also contains an external signal sensor, which is used to receive commands from the external 
transmitter; such sensors could be an inductive circuit, an acoustic or ultrasound sensor, etc., and 
the transmission of commands can take place on a radio channel, inductively, by sound, 
ultrasound, etc., with it being possible to combine reception by one sensor of signals from the 
internal organs and/or signals from an external transmitter. Outputs 1-N of device 6 for receiving 
signals from the internal organs and/or signals from an external transmitter are connected to 
inputs 1-N of control unit 5, with it being possible for device 6 to include a converting amplifier 
made to be able to amplify and convert sensor signals within the limits required for reliable 
operation of control unit 5. 

Outputs 1-M of control unit 5 are connected to electrodes 3-1, ... 3-M respectively, and 
additional electrodes 6-1, ... 6-P are connected to separate outputs 1-P of control unit 5. Control 
unit 5 is capable of turning on or off, according to a specified apparatus or program algorithm, 
the sending of pulses to electrodes 3-1, ... 3-M without changing their polarity (monopolar) or 
changing their polarity (bipolar), with different phase shift, and also to additional electrodes 6-1, 
... 6-P, or to change the pulse parameters (current, voltage, duration, frequency, phase sequence 
of the pulses, shape, relative duration, etc.) as a function of the signals from the internal organs 
and/or as a function of the signals from an external transmitter, which is located with the patient 
or the physician. The capability of preparing an electrical stimulator with changeable additional 
electrodes 7 allows the patient to use electrodes with various coatings of microelements or 
medicinal preparations in a differential manner, depending on the nature of use electrical 
stimulator or at the direction of the physician or according to the recommendations of treatment 
programs. The electrodes are made from a non-toxic biologically neutral material, an alloy which 
is resistant to an aggressive medium, for example stainless steel, and they can be made as a 
structural element of the body or applied in the form of a conductive film onto the dielectric body 
of a the pill. The shape of the electrodes must provide good contact with the adjacent muscle 
tissues. Body 1 of the electrical stimulator must be streamlined, suitable for safe use orally, 
rectally, and vaginally. Body 1 must be leak-tight both for the electronic circuit and for the power 
source 4, and must be made from a non-toxic biologically neutral (alimentary) dielectric. 
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The electrical stimulator of the GI tract contains a signal transmitter 10 whose inputs 1-N 
are connected with outputs 1-N of device 6 for receiving signals from the internal organs and/or 
signals from an external transmitter, and input N + 1 is connected to a separate output of control 
unit 5, and information is received by external receiver for medical observations and diagnosis. 
The transmission of information can take place on the same channels as the reception of external 
commands, possibly by one and the same sensor — for example, an ultrasound sensor or acoustic 
microphone could emit ultrasound or sound oscillations which could be received by an external 
receiver, and an inductive circuit could be used the same way. 

In an embodiment with external control (Fig. 3) control unit 5 contains a filtering device 
11, whose input is connected to the output of device 6 for receiving signals from the internal 
organs and/or signals from an external transmitter, the output of filtering device 1 1 is connected 
to the input of limiting amplifier 12, whose output is connected to electrode 3-1 of the electrical 
stimulator, and its common bar is connected with electrode 3-2. Filtering device 1 1 picks out a 
useful signal from the external transmitter, and limiting amplifier 12 amplifies and limits the 
pulse parameter within required limits (for example, current not more than 10 mA). 

A variant of control unit 5 (Fig. 4) with tracking of the activity of the GI tract and with 
external control is made in the form of integrator 13 controlling generator 16 of a series of 
pulses, which represents, for example, a sequential chain of multivibrators forming a series of 
pulses, with an example of such a generator being microcircuit 1 106 A used in autonomous 
electrical stimulation of the GI tract. Control unit 5 works according to an algorithm which is 
specified by the apparatus: when high motor activity of the GI tract is achieved, the pulses 
(voltage) from the output of device 6 (6-1) for receiving signals from the internal organs and/or 
signals from an external transmitter, which records the characteristics of motor activity of the GI 
tract, for example pressure or biopotential, enter the input of integrator 13, which is the first input 
of control unit 5, whose output is connected to the input of threshold device (comparator) 14. If 
the motor activity of the GI tract is high, the voltage at the output of integrator 13 reaches a 
threshold level and threshold device 14 turns off pulse series generator 16 through the first input 
of OR element 15, whose output is connected to the controlling input of the pulse series 
generator. If the motor activity of the GI tract decreases, the voltage at the output of integrator 13 
falls below the threshold value, and threshold device 14 turns on pulse series generator 16. First 
filtering device 17 picks out a signal to turn on the electrical stimulator, second filtering device 
18 picks out a signal to turn off the electrical stimulator, their outputs are connected to the 
respective adjustment and reset inputs RS of trigger 19, whose output is connected to the second 
input of OR circuit 15. Upon receiving, from the second output of the device for receiving 
signals from the internal organs and/or signals from an external transmitter (from the sensor of 
the signals from the external transmitter), signals for turning the electrical stimulator on or off, 
the respective filtering device adjusts or resets RS trigger 19, turning on or off the pulse series 
generator 16 through the second input of OR circuit 15. 

In a preferred embodiment (Fig. 5) control unit 5 is made in the form of a microcontroller 
21, which contains a microprocessor, a program and data memory, analog-digital converters, 
digital-analog converters, discrete inputs/outputs, and a timer (not shown in the drawing). 
Sample embodiments of such a microcontroller are the microcircuit PIC16C71 of the Microchip 
company, 83C51GB or 87C 196KB from Intel (see the directory OdnokristaVnye mikro-EVM 
[single-crystal microcomputers], p. 391, Moscow: MIKAP, 1994). Signals from internal organs 
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and/or signals from an external transmitter from outputs 1-N of device 6 for receiving signals 
from the internal organs and/or signals from an external transmitter enter through amplifiers 20 
to analog-digital inputs 1-N of microcontroller 21. Reaction algorithms of microcontroller 21 to 
these signals are loaded into it using a program which is entered into microcontroller 21 either at 
the manufacturing stage, or at the stage of pre-sales preparation, or directly by the consumer 
before using it. The electrodes of the biopotential sensor 6-1 are combined with electrodes 3-1 
and 3-M of the electrical stimulator, and biopotential signals from them enter, through amplifier 
20, the first analog-digital input of microcontroller 21. The sensor of signals from the external 
transmitter is combined with signal transmitter 10, which is made in the form of an acoustic 
microphone, whose output through amplifier 20 is connected to the N-th analog-digital input of 
microcontroller 21. For electrical stimulation of adjacent tissues, electrodes 3-1, ... 3-M have 
outputs 1-M of microcontroller 2 1 connected to them, and additional electrodes 7-1, ... 7-P have 
separate outputs 1-P of microcontroller 21 connected to them. 

Industrial Applicability 

The proposed electrical stimulator of the GI tract additionally makes it possible, in 
contrast to uncontrolled autonomous electrical stimulator of the GI tract, to eliminate such side 
effects as pains and muscle spasms associated with the passage of the electrical stimulator 
through certain sections of the GI tract, increase the effectiveness of treatment by more precise 
selection of the electrical stimulation parameters and by precise and dosed introduction of 
microelements or medicinal preparations by the electrochemical route at specified sections of the 
gastrointestinal tract. Making electrodes changeable allows a differential approach to patient 
treatment, to prescribe, depending on the nature of the disease, electrodes with this or that 
coating of microelements or medicinal preparations and combinations of them, and is also 
economically advantageous for the consumer, since it is possible to acquire, separately from the 
stimulator, changeable additional electrodes with various coatings of microelements or medicinal 
preparations at the prescription of the physician, or according to the recommendations of 
therapeutic programs, as a function of the nature of use of the electrical stimulator. It is also 
possible for the attending physician to conduct observations of the state of the patient according 
to the signals entering from the internal organs and transmitted by the signal transmitter to the 
external receiver. The proposed electrical stimulator of the GI tract can successfully be used for 
treatment and prophylaxis of various diseases in abdominal surgery (post-operative paresis, 
peritonitis, pathology of the bile excretion system, complicated forms of peptic ulcer of the 
stomach and duodenum), in intensive care and reanimation of patients with acute poisoning, 
when treating diseases having a therapeutic profile (gastritis, uncomplicated gastric and duodenal 
ulcers, chronic opisthorchiasis, dyskinesia of the biliary duct and the large intestine, chronic 
constipation). 

The proposed GI tract electrical stimulator does not require unique technologies and is 
realized on an integrated element base according to standard technologies for producing hybrid 
integrated circuits. 

After the description of the embodiments of the invention, which made reference to the 
attached drawings, it is clear that this invention is not limited only by these embodiments, and 
that various changes and modifications could be made by a person skilled in the art without 
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deviating from the task upon which the invention is based, which is defined in the attached 
claims. 
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Claims 

1 . Electrical stimulator of the gastrointestinal tract, comprising a body with electrodes that is in 
the form of a medicinal capsule, which has a power source in it, characterized by the fact that it 
contains a control unit, whose M outputs are connected with the corresponding M electrodes, a 
device for receiving signals from the internal organs and/or signals from an external transmitter, 
whose outputs 1-N are connected to the corresponding inputs 1-N of the control unit. 

2. Electrical stimulator according to Claim 1, characterized by the fact that the device for 
receiving signals from the internal organs and/or signals from an external transmitter is made in 
the form of sensors 1 -N which record the physiological parameters of the motor-evacuatory 
function and the current state of the organs of the gastrointestinal tract, and also signals from the 
external transmitter, whose outputs are outputs 1-N of the device for receiving signals from the 
internal organs and/or signals from an external transmitter. 

3. Electrical stimulator according to Claim 2, characterized by the fact that the device for 
receiving signals from the internal organs and/or signals from an external transmitter is made in 
the form of a pressure sensor, a pressure gradient sensor, a pH sensor, an acoustic sensor, a 
temperature sensor, a sensor of signals from the external transmitter, a biopotential sensor, and a 
conductivity sensor. 

4. Electrical stimulator according to Claim 1, characterized by the fact that it contains a signal 
transmitter whose inputs 1-N are connected to the corresponding outputs 1-N of the device for 
receiving signals from the internal organs and/or signals from an external transmitter, with the 
control unit being equipped with a separate output which is connected with input N + 1 of the 
signal transmitter. 

5. Electrical stimulator according to Claim 1, characterized by the fact that it contains P 
additional electrodes with a coating of microelements or medicinal preparations. 

6. Electrical stimulator according to Claim 5, characterized by the fact that the additional 
electrodes are made to be changeable. 

7. Electrical stimulator according to Claim 1, characterized by the fact that the control unit 
contains a filtering device, whose input is the input of the control unit and is connected to the 
output of the device for receiving signals from the internal organs and/or signals from an external 
transmitter, and whose output is connected to the input of a limiting amplifier, whose output is 
the output of the control unit and is connected to the first electrode of the electrical stimulator, 
with its common bar being connected to the second electrode. 

8. Electrical stimulator according to Claim 1, characterized by the fact that the control unit 
contains an integrator, whose input is the first input of the control unit and is connected to the 
first output of the device for receiving signals from the internal organs and/or signals from an 
external transmitter, with the output of the integrator being connected to the input of the 
threshold device, whose output is connected to the first input of an OR circuit, whose output is 
connected to the controlling input of a generator of a series of pulses, whose outputs are the 
outputs of the control unit and are connected to electrodes, with the inputs of the first and second 
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filtering devices, which are the second input of the control unit, being connected to the second 
output of the device for receiving signals from the internal organs and/or signals from an external 
transmitter, with the output of the first filtering device being connected to the adjustment input of 
trigger RS, and with the output of the second filtering device begin connected to the reset input 
of trigger RS, whose output is connected to the second input of the OR circuit. 

9. Electrical stimulator according to Claim 1, characterized by the fact that the control unit 
contains a microcontroller, whose analog-digital inputs 1-N are connected through amplifiers, 
whose inputs are inputs 1-N of the control unit, to the corresponding outputs 1-N of the device 
for receiving signals from the internal organs and/or signals from an external transmitter, and 
outputs 1-M which are outputs 1-M of the control unit being connected to the corresponding 
electrodes 1-M of the electrical stimulator, with additional outputs 1-P of the microcontroller, 
which are outputs 1-P of the control unit, being connected with the corresponding additional 
electrodes 1-P. 
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(57) Abstract 

The invention relates to medicine, specifically to 
medical technology, and concerns electrical gastro- 
intestinal tract and mucous membrane stimulators. The 
electrical gastro-intestinal tract stimulator comprises a 
casing (1) with electrodes and in the form of a medicinal 
capsule containing a power source (4), a control unit (5) of 
which M outputs are connected to M electrodes (3), a 
device (6) for receiving signals from internal organs 
and/or an external transmitter, to (1-N) outputs of which 
are connected (1-N) inputs of the control unit (5). The 
electrical stimulator can contain P additional electrodes 
(7) provided with a coating of microelements or medicinal 
preparations and connected to P separate outputs of the 
control unit (5). The electrical stimulator can also 
contain a signal transmitter (10) designed to transmit 
signals from the device (6) for receiving signals from 
internal organs and/or external transmitter and control 
unit (5) to an external receiver for medical observation 
and monitoring. The dimensions of the electrical 
stimulator are restricted by the requirement that it be 
capable of being introduced into the gastro-intestinal 
tract orally or rectally or suitable for vaginal use. 




(57) P©4>ep*T 

H3o6pereHHe othochtch k MeawunHe, KOHKperHo k 
MeflHWHCKOfl Texrooce h Kacaerca 3jieKTpocTHMyjurropoB aeejiyAOHHO- 
KHmeTOoro Tpaicra h cjudhctux o6ojiohck. 

3jieKipocTHMyjwTop )KejiyflOHHo-KHnieHHoro Tpaicra coctoht m 
Kopnyca (1) c aneicrpoflaMH b bujiq jieicapcTBeHHOft Kancyjnj, b Koropofi 
pa3MemeHti hctohhhk rarraHiw (4), 6jiok ynpaBJiemw (5), M buxoaob 
Koroporo npHCoeOTHeraj k M ajieicrpojoiaM (3), ycrpoftcTBO (6) jwi 
npneMa CHrmriOB BHyrpeHHHx opraHOB h/hjih CHraanoB BHenmero 
nepeAaTHioca, k 1-N BuxoaaM KOToporo npncoeAHHeHLi 1-N bxoau 
6jioica ynpaBJiemw (5). 3jieKTpocTHMyxwTop Moacer coaepacaTb P 

flOIIOJIHHTeJIbHblX 3JieKTpOflOB (7) C nOKpMTHeM H3 MHKp03JieMeHT0B HflH 

jiCKap ctb chhbix npenaparoB, KOToptie npncocflHHeHbi k P oTflejibHHM 
BtixonaM 6jioiea ynpaBJieHwa (5). 3jieKTpocrHMyjiHTop flononHHTejibHO 
MOMceT coaepacarb nepeaarHHK (10) CHTHajios, BbinojmeHHbifi c 
B03MO)KHOCTbio nepeaaBaTb CHraaJibi ot ycTpoficTBa (6) juw npneMa 
CHraajiOB BHyrpeHHHx opraHOB h/hjih cmnanoB BHeuiHero nepeaaTHHKa 
h 6jiOKa ynpaBJierow (5) Ha BHeuiHHfi npneMHHK jwi MCAHmtHCKHX 
HadjnoAeHHfi h KOHrpojm. Pa3Mepw ajieiopocTHMyjiHTopa HcejiyaoHHO- 
KHmeHHoro Tpaicra orpamneHbi bo3moxchocti>k) bbcachha ero b 
KejiyOTHHo-KHiueHHiJfi Tpaicr opajibHO hjih peicrajibHO, hjih 

B03MO)KHOCTbK> BaTHHaJIbHOrO npHMeHCHHfl. 



HCKJOOTOTEJIbHO AJIJi UEJIEfl HHOOPUAIXUH 



Koau, ueaojaayeuut au ofcouHemui CTpaa-<ueiiOB PCT ui nrryshnux msmx 6pom»p, » Koropux 
ny6BEOcyntca MdXAyKapaoHfaie mmmxu ■ coonwcrBm c PCT. 
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3jieicrpocTHMyjiHTop wejiyaoiHO-KHiueqiioro Tpaicra 

06liaCTb TeXHHKH 

Ptjo6peTeHHe othochtca k Meammie, KOHKpeTHo k 
Me^HUHHCKOH Texmnce h mojkct 6wTb ncnojib3OBaH0 
3JieKTpocTHMyjiflimH opraHOB acejiyaoqHO-KHiiieHHoro Tpajcra ()KKT) h 

CJIH3HCTLIX 060J10HeK B a6jOMHHaJIbHOM XHpyprHH H flJIfl JieHeHHfl 

3a6aneBaHHft TepaneBTiraecKoro npo^mw. 

ripeflinecTByioiuHH ypoBem> tcxhhkh 
H3BecTeH cneuHajibHbiH armapaT c 6noynpaBJieHHeM, Hcnojib30BaBuiHHca 
npH npoBeflemai 3KcnepHMeHTajibHbix HccjieaoBaiooi (cm. M.A. Co6aKHH h 
LUenejieB B.A «£ajibHeftuiee npH6opHO-MeTOflH4ecicoe ooecneneHHe 
3JieiopHHecKoft CTHMyjuiUHH acejiyjiKa c Hcnoji&30BaHH6M npramma 
o6paTHOH cbh3h» /OKcnepHMeHTajibHaa xHpyprcM h aHecTe3HOJior*ra/ - 1973 
r. N°2, c.26), Konia HMiryjibcw noflaBarwcb b Kaatayio 4>a3y nojioaorrejibHOH 
nojiyBOJiHbi co6cTBeHHtix 6HonoTeHUHajioB, nocrynaiomHX ot BHCHBJieHHbix 
3JieKTpo.aoB. HeflOcraTKOM jjaHHoro cnoco6a sjieKTpocTHMyjumHH )KKT 
HBJiaeTCfl orpaHHHeHHe ero c$epw npHMeHemw, KOTopoe bo3mohcho tojuko y 
onepHpoBaHHbix 6ojibHLix, npn 3tom 6o;ibHoft npHBraaH k annapaType. 

H3BecreH sjiempocTHMy/wTop 3r*C-35-l «3HJ0(OTOH-l» ! KOTopwfi 
HMeer ra6apnTw 395x305x100 mm h Maccy 3 kt (cm. «3jieKTpocTHMyjiainw 
JKejiy^oHHO-KHiueHHoro Tpaicra» MocKBa, «MeaimHHa» 1978 r. A.A. 
Bhuihcbckhm, A.B. JlHBiUHiieM; MR Bhjuhckhm) TaM ace ormcaHbi 
coBpeMeHHbie npHHimnw h Merojuacii sjieicrpHHecKoft CTHMyjiauHeM opraHOB 
)KKT. 3tot h apyrne HapyacHbie sjieicrpocTHMyjiflTopbi Hcnojib3yioT Ha6op 
sjieiopoflOB, own peicrajibHbiH mm ayoneHajibHbm 3oim-3JieKTpoa, apyroH 
HaKoaaaifi, jih6o orwh 6HnonapHbiH sjieiopoA. HeflocraTOK aaHHoro Bitaa 
3JieiopocTHMyjiaTopoB b tom. hto 6ojibHOH bo BpeMA ceaHca 
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3JieKTpOCTHMyjlflUHH IIpHBfl3clH K 3JieKTp0CTHMyjIflT0py npOBOjiaMW, 

npHMeHeHHe hx bhc jiene6Horo yHpe^eraia 3aTpyzmeHO. 

H3BecxeH 30H£-CTHMyjiHTop ana npofljieHHoro b 03/ieft ctb Ha >KejiynoK 
h OT^ejibi )KKT b npeaejiax juwubi coeaHHHiomeH Tpy6KH (naTeHT PO 
X°1223922, MKH A61 N 1/36, ony6ji. BH 1986 r.). Ero HejotocTaTKOM 
hbjwctch orpaHHHeHHan c$epa npHMeHerow - bo3mo>kho To/ibKO 
aM6ynaTopHoe h KJiHHHHecicoe npHMeHeHHe. 

H3BecrreH 3JieiapocTHMyjwTop 5 coaepncamHH reHepaTop HMnyjibcoB, 
hctohhhk iTKTaHHH, 3JieKTpo;ibi 5 npHHeM Ha 3JieKTpofl-aHOfl HaHeceHO 
noxpbiTHe b BHwe cnjiouiHow npoBoxyimeH mieHKH m MHKpo3JieMeHTOB 
tojiuihhoh He MeHee 10 mhkpoh (naTeHT P<X> K2 2036671, MKH A61 N 1/36, 
ony6ji. E.K JSfs 16, 1995 r.). HeaocrraTKOM aamioro H3o6peTeHHH HBjmeTca 

TO, HTO MHKp03JieMeHTbI H3 nOKpblTHfl BHOCHTCfl Ha BCeM npOT^>KeHHH )KKT, 

OTcyTcrsyeT H36HpaTejibH0CTb b JieneHHH h o6paTHaa CBA3b c cocTOHHweM 
)KKT h c cy6^eKTHBHbiMH omyuxeHHHMH naimema, hto orpamfHHBaeT ccj>epy 
npHMeHerow 3jieicrpocTHMyjwTopa. C jjpyroft cropoHbi, BbinycKaeMbie 
Moaejm CTHMyjWTopoB flOJiHaai 6biTb Kecnco THTODnpoBaHbi no 
noKpwTHHM, hto 3aTpy;iHJieT hx npHMeHeHHe. 

HanGojiee Sjitook no TexHHHecicoft cymHOCTH 3JieKTpocTHMyjiHTop 
3KKT, coaep^cantHH ajieiapoAbi, npeflcraBjunoume co5oh flBe 3JieKTpHHecKH 
H30JinpoBaHHbie nacTH jieKapcTBeHHofi Kancyjiw, b kotopoh pa3MeiueHbi 
reHepaTop HMnyjibcoB h hctohhhk mrraHHH h Koropaa cnoco6Ha 3btohomho 
nepejraHraTbCH no BceMY xcejiy/iOHHO-KHiueHHOMy Tpamy h B03neHCTBOBaTb 
3JieKTpHHecKHMH HMnyjibcaMH Ha BceM ero np otjdkchhh (naTemr Pel) 
X2936931 MKH A61 N 1/36 ony6ji. B.H. Xs23, 1982 r.). Abtohomhuh 
3JieKTpocTHMyjiHTop )KKT (A3C )KKT) no3BOjmeT aocraHb nojioacHTejibHoro 
3(J)(|)eKTa b jieneHHH h npo<j)HJiaKTHKe pa3jiHHHbix 3a6ojieBaHHfi (cm. 

«ABTOHOMHbie 3JieKTp0CTHMyJDIT0pbl OpraHH3Ma HeJIOBeKa H >KHBOTHbiX» 
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lleKapcKHH B.B. h pp. CMY, Tomck 1995, «ABT0H0MHafl 
3jieKTpocTHMyjmuPW )KKT» flaM6aeB r.LJ. h ap., Ch6hpckhh >KypHaji 
racTpo3HTepojiorHH h renaTOJiorHH, 0KTa6pb 1996 r, tom 1 Jfe2). O^Haxo ra- 

3a OTCyTCTBKS 06paTH0H CBA3H C COCTOHHHeM opraHOB )KKT H c 

cy6i>eKTHBHbiMH omymeHHHMH nauHeHTa - 6ojwmh h MbimeHHbiMH 
cy^oporaMH, B03HHKaiomHMH npn npoxoameHKH onpeiiejieHHLix OTjejioB 
>KKT h napaMeTpaMH 3JieKTpocTHMyjuujHH )KKT, B03HHKaiomHH BCJie/iCTBHe 
3Toro pnfl npoTKBonoKa3aHHH k npHMeHCHHK) aejiaeT Hcnojib30BaHne ero 
HeAOcraTOHHO 3(})4)eKTHBHbiM h mo^kct BW3BaTb no6oHHbie ABJiemw. 

PacKpbiTHe H3o6peTeHPw 
Ochobhoh 3aaaHeH, peuiaeMOfi npefljiaraeMbiM H3o6pCTeHMCM, 
HBJiaercfl co3^aHHe aBTOHOMHoro 3JieKrpocTHMyjiaTopa )KKT, cnocooHoro 

nOBblCHTb 34>(j>eKTHBHOCTb JjeHeHHfl H npO(J)HJiaKTHKH 3a6ojieBaHHH, a TaioKe 

ycTparorrb no6oHHbie HBjieroifl nyreM BBejerow o6paTHofi CBK3H Mexcoy 
cocTOHHMeM BHyTpeHHHX opraHOB h cyG'beKTHBHbiMH omymeHHflMH nauneHTa 

C OflHOH CTOpOHbl, H IiapaMCTpaMH 3JieKTpHHeCKOM CTHMyjlflllHM )KKT c 

apyroii cropoHbi. BBejieHHe o6paTHofi cbjbh o6ecne4HBaeTca B03MO>KHOCTbK) 
ynpasjieHMH 3JieKTpocrHMyjiHTopoM h H3MeHeimeM napaMeTpoB HMiryribcoB b 
cooTBercTBHH c MeroflHKOH Jienemw hjih c cy 6t>ckthb Hbi m h omymeHraMH 

. naUHeHTa B npOUeCCe SJieKTpOCTKMyJUlUHH. llOBblCHTb 3$(})eKTHBHOCTb 

jieneHH^ bo3mohcho TaioKe 3a cneT ynpaBJieHH* npoueccoM BHeceHH* 
MHKpo3JieMeHTOB hjih npenapaTOB 3JieiapoxHMHHecKHM nyreM b TpeGyeMbie 

OTHeJIbl )KKT H CJIH3HCTbIX 060JT0HeK B COOTBCTCTBHIi C Ha3HaHeHHbIM 

jieneHHeM. noBbiCHTb yiio6cTBO 3KCiuiyaTauHH nyreM ycraHOBKH nauHeHTOM 
Ha3HaneHHbix jinn jTenerow CMeHHbix 3JieicrpoiioB c noKpyrmiMH H3 
MHKpo3JieMeHTOB HJiH jieKapcTBeHHbix npenapaTOB. 

JX^HHasi 3aaaHa peuiaeTca nyreM BBeaeHH* b 3JieKTpocTHMVJTflTOp )KKT 
ycrpoiicTBa juin rrpneMa cnrHanoB BHyrpeHHHx opraHOB h/iuiu cnrHa/ioB 
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BHeiuHero nepe^aTHMKa h 6jioxa ynpaBJieraifl, npH 3tom 1-N buxo^m 
ycTpoiiCTBa zyi* npHeMa chthsjiob BHyrpeHHHX opraHOB h/hjih cnrHajioB 
BHeuiHero . nepeiiaTHHKa no/uouoHeHbi k 1-N BxoiiaM 6jiOKa ynpaBjieHna, 
cnoco6Horo no 3aaaHHOMy annapaTHO hjih nporpaMMHo ajiropHTMy nonaBan, 

CepHM HMnyJILCOB Ha 3JieKTpOflbI 3JieKTpOCTHMyjUITOpa B 3aBHCHMOCTH OT 

cnrHanoB, nocTynaiomux Ha ero N bxo^ob c N bmxohob ycrponcTBa jyia 
npweMa chthojiob BHyrpeHHHX opraHOB h/hjih cnrHanoB BHeuiHero 
nepejaTHHKa. 

3aaana noBbimerow D^eKTHBHOCTH jieneHHJi h npo(j>HjiaKTHKH 
3a6ojieB3HHH nyreM ycTaHOBjierow o6paraoH cbjhh Meacay cy6i>eKTHBHLiMH 
omyuieHHHMH nauHeirra h napaMeTpaMH 3JieiapocTHMyjDmHH opraHOB >KKT 
ocymecTBJi5ieTC« nyreM BBeaeHna b ycrpOHCTBO zum npneMa cnrHajioB 
BHyrpeHHHX opraHOB h/hjih BHeuiHero nepenaTHHKa aaTHHKa cnrHajioB 
BHeuiHero nepeaaTHHKa. 

Tax, c uejibio noBbiuieima 34>4)eKTHBHOCTH jieneHHa h npo(})HJiaKTHKH 
3a6ojieBaHHH nyreM ycrraHOBJieHiw o6paTHOH cbjdh Meacny 
4)H3HOJiorHHecKHMH napaMeTpaMH opraHOB 3KKT h KoppeiaxHH napaMeTpoB 

CTHMyjIIipyiOUIHX HMItyJIbCOB B 3aBHCHMOCTH OT HX H3MeHeHHH, yCTpOHCTBO 

ajih npneMa cnrHajioB BHyrpeHHHX opraHOB h/hjih BHeuiHero nepeaaTHHKa 
coflepaarr AaTHHK ^aBJieHHH, aaTHHK rpa^neHTa (nepenaaa) aaBJieHH*, 
aaTHHK pH, aicycTHHecKHH aaTHHK, aaTHHK TeMnepaTypti, jxzthuk 

SHOnOTeHUHanOB H flaTHHK npOBOJWMOCTH CTHMyjIHpyeMblX TKaHen. 

C uejibio noBbiuierow 3<Jx|)eKTHBHOCTH jienemw h H36npaTejibHoro 
BHeceHiia MHxpo3JieMeHTOB hjih JieKapcTBeHHbix npenapaTOB b TpeGyeMbie 
OTae/ibi )KKT ? b 3JieKTpocTHMyjiflTop BBexteHbi P flonojiHirrejibHbix 

3JieKTpOZlOB C nOKpblTHeM H3 MHKp03JieMeHT0B HJIH JieKapCTBeHHLIX 

npenapaTOB, KOTopbie npHcoeziHHeHbi k oTaejibHbiM P BbixoaaM 6jiOKa 
ynpasjieHiw. 
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C uejiwo noBfeimeHJifl H36npaTc/ibHOCTH jieneHHa h npoc^vmaKTHXH 
3a6o-neBaHHM, a TaioKe juw yao6cTBa 3KciuiyaTauHH, b 3JieKTpocTHMyjiHTope 

HCnOJIb3yK)TCH CMCHHLie 3JieKTp0flbI. 

C uejibio BHeuiHero Ha6jnoneHiia 3a cocTOAHneM BHyrpeHHHx opraHOB 
3iieKrpocTHMyjinTop coaep>KHT nepeaaTHHK CHrHajiOB. 

FlocTaBJieHHaM 3aaana peniaeTca DJiCKTpocTHMyjurropoM 3KKT, 
coaepacamHM Kopnyc c 3JieicrpoAaMH b Bmie jiejcapcrBeHHOH Kancyjibi, 
BHyrpH KOToporo pa3MemeHbi hctohhhk rnrraHRa, b KOTopbift 
flonojirorrejibHO BBeaeHbi 6jiok ynpaBjieHra, M bmxoaob KOToporo 
npHCoe/iHHeHLi k M 3JieKTpo,aaM, h ycTpoftcTBO zuih npneMa CHraajioB 
BHyrpeHHHx opraHOB h/hjih CHTHajiOB BHeuiHero nepeaaTHHKa, 1-N Bbixoflbi 
KOToporo npHCoe^HHeHbi k 1-N BxoaaM ojioica ynpaBjieHH*. 

YcTpoftcTBO juia npHeMa CHTHajiOB BHyrpeHHHx opraHOB h/hjih 
CHrHajiOB BHeuiHero nepeaaTHuxa BbinojiHeHo b BHfle 1-N jiaTHHKOB, 
perHCTpwpyiouxHX <J)H3HOJiorHHecKHe napaMeTpw MOTOpHO-3BaicyaTopHOH 
4)yHKUHH h Teicymero coctohhh* opraHOB )KKT, a TaioKe BHeuiHero 
nepeaaTHHKa, Bbixoflbi KOTopwx hbjhuotch BbixoaaMH ycTpoftcTBa juia 
npneMa CHTHajiOB BHyrpeHHHx opraHOB h/hjih CHTHajiOB BHeuiHero 
nepe^aTHHKa. ycrpoficTBO ium npHeMa CHTHajiOB BHyrpeHHHx opraHOB h/hjih 
CHrHajiOB BHeuiHero nepeaaTHinca BbinojiHeHO b BHjje aaTHraca AaBjieHHH, 
^aTHHKa rpa^Heirra flaBJiemw, aaTHHKa pH, axycTHMecKoro aaTHHKa, 
flaTHHKa TeMnepaTypw, aaTHHKa 6HonoTeHLwajioB, aaTHHica npoBOiiHMocTH, 
npuneM 3JieKrpoaaMH flaTHraca 6nonoTeHUHajiOB h iiaTHHica npOBOflHMocTH 
Moryr 6bm> 3JieKTpo,obi 3JieKTpocTHMyjiHTopa. 

3jieicrpocTHMyjiHTop jionojiHHTejibHO coaep>KHT nepeaaTHHK 
cnraajiOB, 1-N Bxoiibi KOToporo npncoeziHHeHbi k 1-N BbixoaaM ycrpoficTBa 
juin npneMa CHTHajiOB BHyrpeHHHx opraHOB h/hjih BHeumero nepeaaTTOKa. a 
ero N+l bxo/i noAKjno*ieH k OTaejibHOMv Bbixo/iy 6jiOKa ynpaBJieHHH. 
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3jieKTpocTHMyji5iTop coziep>KHT 1-P zionojiHHTejibHBie sjieiopcxabi c 
noKpHTHCM H3 MHKp03JieMeHT0B hjth jieicapcTBeHHbix npenapaTOB, npHHCM 
ohh Moryr 6biTb BbinojmeHbi crbeMHbiMH. 

Bjiok ynpaBjieHHH b HamiyHiiieM BapnaHTe coaep^orr 
MHKpoKOHTpojuiep, 1-N aHajioro-iwcfjpoBbie bxoam KOToporo nepe3 
ycHJiHTejiH npHCoeflHHeHbi cootbctctbchho k 1-N BbixojjaM ycrpoHCTBa jvw 
npneMa curaajiOB BHyrpeHHHX opraHOB h/hjih CHraanoB BHeumero 
nepeiiaTHHKa, a 1-M Bbixoau, HBjuuoiuHeca 1-M BbixoaaMH 6jioKa 
ynpaBjieHiw, npHcoe^HHeHbi k 1-M 3Jieicrpo^aM 3JieKTpocTHMyjiaTopa 

COOTBCTCTBCHHO , flOIIOJIHHTeJIbHbie 1-P BblXOilbl MHKpOKOHTpOJIJiepa, 

mimouxuecx 1-P BbixoaaMH 6jioica ynpaB^emw, coeaHHeHbi c 1-P 

flOnOJIHHTejIbHblMH 3JieKTpOZiaMH. 

Pa3Mepw h 4>opMa 3JieKTpocTHMyjWTopa orpaHHneHbi B03MOKHOCTbK> 
BBaaeHHa ero b ^cejry^OHHO-KHiueHHbiH rpaKT opajibHO h peicrajibHO, hjih 
BarHHajiLHMM npHMeHeHHeM. 

OCHOBHBIM nOJIO>KHTeJlbHbIM S^^eKTOM, KOTOpbIM 06liaiiaK)T 
aBTOHOMHbie 3JieKTpOCTHMyjlJITOpbI flBJIfleTCH HX CnOC06HOCTb 

BoccTaHaBJiHBaTb M0T0pH0-3BaKyaT0pHyro ^yHKurao )KKT. FIpeimaraeMbiH 

3JieKTp0CTHMyjWT0p )KKT, B OTJIHHH6 OT H3BeCTHbIX. CnOC06eH aBTOHOMHO 

npoflBHraTbCH no BceMy )KejiyflOHHO-KHiiieHHOMy Tpaicry h H36npaTe;ibHO 
B03AeftcTB0BaTb 3JieKTpHHecKHMH HMrryjibcaMH Ha ynacTKH c HapyuieHHOH 
nepMOOTMecKoft fleflTejibHocrbio, nocjieaoBaTejibHO BoccTaHaBJiHBaa 
4)yHKimH opraHOB Ha npOTflaceHHH Bcero )KKT. Hapnuy c cymecTByioiiiHM h 
y*ce noKa3aiiHbiM 3KcnepHMeHTanbH0 w b uihpokoh kjihhhhcckoh npaKTHxe 

nOJlO^CHTeJTbHblM 3(|)4)eKTOM aBTOHOMHOH 3JieKTpOCTHMyJDIItKH opraHOB 

)KKT, npHMCHeHHC npejyiaraeMoro 3JieKTpocTHMyjiflTopa aaeT HOByio 

B03MO)KHOCTb H36npaTCJIbHO H UeJieHanpaBJieHHO B03JieHCTB0BaTb 

3JieiopHHecKOH CTHMyjwiiHeft Ha TpeSyeMbie oxnejiM h opraHbi )KKT. 
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noBbicHTb 3(J)(J)eKTHBH0CTi> jieneHHa 3a cneT BBeaeHH* Ha3HaHeHHbIX 
jieKapCTBeHHbix npenapaTOB h MHKp03JieMeHT0B b Hy>KHbie oxaejibi )KKT 
3JieFopoxnMHHecKMM nyTeM, noHBJweTCfl B03MO)KHOCTb perynnpoBaTb 

napaMeTpbl aBTOHOMHOH 3JieKTpOCTHMyjIflUHH B 3aBHCHMOCTH OT COCTOHHlifl 

BHyrpeHHHX opraHOB h cy6^eicrnBHbix omymeHHH nauHeirra. noHBJweTca 

B03MO)KHOCTb IIOflSHpaTb pOKHMbl aBTOHOMHOH 3JieKTpOCTHMyJWlXHH B 

3aBHCHMOCTH ot xapaicrepa 3a6ojieBaHHH h ot TeKymero coctohhhm 
MOTOpHofi aKTHBHOCTH h ot apyrnx noKa3aTejieft COCTOflHHfl opraHOB )KKT. 

BbiiueHa3Bainn>ie uejin, x ap axrep h cthkm h npeHMymecraa HacToamero 
H3o6pereHHH Gyayr Sojiee hchh H3 cjicnyiomero noapo6Horo onncaHH*, 
KOTopoe conpoBO^caaeTca cooTBercTByioumMH nepTeacaMH. 

KpaTKoe ormcaHHe <f>Hryp nepTexceii 

Ha (J)ht. 1 H3o6paaceHa KOHcnpyKmw 3JieiapocTHMyjiHTopa ^cejiyjaoHHO- 
KMueHHoro Tpaiera. 

Ha 4>ht. 2 H3o6pa3KeHa CTpyicrypHaa cxeMa sjieiopocTHMyjiHTopa. 

Ha 4>ht. 3 H3o6pa>fceHa cTpyKTypHa^ cxeMa 6jiOKa ynpaBjieHiw b 
rrpocreHuieM BapnaHTe c bhcuihhm ynpaBJieHHeM. 

Ha tyifr. 4 H3o6pa^ceHa cTpymypHaH cxeMa 6jioica ynpaBJiemin b 
BapHame c OTCJieacHBaHHeM skthbhocth )KKT h c bhcuihhm ynpaBJieHHeM. 

Ha 4>ht. 5 H3o6pa)KeHa crpyicrypHaH cxeMa 6jioiea ynpaBJiemiH b 
BapnaHTe c MHoroKaHajibHbiM cjienceHHeM 3a coctohhha opraHOB )KKT h 3a 
CHTHanaMH BHeinHero ynpaBJieHHfl am KoppejiauHH c ' napaMeTpaMH 

3 JieKTpOCTHMyJWimH . 

rioiipo6Hoe onncaHHe BapnaHTOB 
3^eiopocTHMyji«Top )KKT (4>ht.1, <J>Hr.2) coctoht H3 Kopnyca 1, 
BbinojiHeHHoro b B*me jieicapcTBeHHOH Kancyjibi, cocrofliuero H3 

( £CH3JieKTpIiHeCK0H BTyjlKH 2, K KOTOpOft KpeilHTCH 3JieKTpOflI>I 3 (3-1. ..3-M). 

HCTO^HHKa riHTaHHH 4 ? 6iiOKa ynpaBJieHHa 5, M buxoaob KOioporo 
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npHCoejD[HHeHi>i cooTBeTCTBenHO k M 3JiCKTpOA<LM, ycrpoiiCTBa 6 iuia npneMa 
CHTHanoB BHyrpeHHHx opraHOB h/hjih CHniajioB BHeuiHero nepeaaTHHKa, 1 -N 
BfeixoaBi KOToporo npHCoe/uweHbi k 1-N Bxo^aM 6jiOKa ynpaBJiemifl 5. 
flonojiHHTejibHbie 3Jieiapoiu>i 7-1...7-P npncoenHHeHM k OTiie/ibHbiM 1-P 
BBixonaM SjioKa ynpaBJiemw 5. flonojiHHTejibHbie ajieicrpojibi 7 MoryT 6biTb 
BbinojraeHbi cbeMHbiMH. KoHTaKTHaa npy>KHHa 8 coeflHHaeT OTpnuaTejibHbift 
nojnoc HCTOHHHxa ukt&hhsi 4 c 6jiokom ynpaBJieHHH 5, c noMombio 
KOHraKTHoii np>0KHHbi 9 k HeMy npHcoeaHHeH nojio>KHTejibHbiii nojnoc 

HCTOHHHKa IIHTaHHfl 4. nepeHaTHHK 10 CHTHaJIOB BbinOJIHeH C B03MOKHOCTbK) 

nepeaaBaTb HH(j)opMaiiHK> Ha bhciuhhh npneMHHK co cbohx bxoaob, k 
KOTopbiM npHcoeflimeHbi 1-N Bbixoaw ycTponcTBa 6 jwx npHeMa ciirHauoB 
BHyTpeHHHX opraHOB h/hjih ot BHeuiHero nepcaaTHHKa, a Ha N+l bxor 
no^KJitoneH omejibHbiH Bbixoju 6ji0Ka ynpaBJieHHH 5. Pa3Mepbi 
3JieKTpoCTHMy/iHTOpa )KKT orpaHWHemi B03MoacHocTbK) BBeneHH^ ero b 

5KeJiya0HH0-KHUieHHbIM TpaKT OpaJlbHO H peKTaJIbHO, HJ1H BarHHaJlbHblM 

npHMeHeHneM. 

B npocTeauieM BapnaHTe (4>ra\3) 6jiok ynpaBJieHHH 5 coaep>KHT 
(j)HjibTpyK)iuee ycrrpoficTBO 11, bxoa KOToporo flBJiaeTCH bxoziom SjiOKa 
ynpaBJieHHH 5 h npncoe/WHeH k Bbixoay ycrpoHCTBa 6 ajih npHeMa curHajioB 
BHyTpeHHHX opraHOB h/hjih CHmajiOB BHeuiHero nepeaaTHHica, bwxoa 
(J)HJibTpyiomero ycrpoHCTBa 1 1 npncoeaHHeH k Bxony ycmiHTejifl- 
orpaHHHHTejia 12, bmxoh KOToporo flBJiaeTCH bbixoaom 6jioxa ynpaBJieHHH 5 
h npHcoejiHHeH k nepBOMy ajiejcrpoay (3-1) 3jieKTpocTHMYJiHTopa, o6maa 

UIHHa COeiUiHeHa CO BTOpbIM 3JieKTpOAOM (3-2). 

^pyrofi BapnaHT GjiOKa ynpaBJieHHH 5 ($ur. 4) BbinojiHCH b Bnne 
HHTerpaTopa 13, bxoh KOToporo HBjmeTCH nepBbiM bxoaom 6ji0Ka 
ynpasjieHHH 5 h npncoeflHHeH k Bbixoay ycrpoHCTBa 6 juih npHeMa cnrHajiOB 
BHyrpeHHHx opraHOB h/hjih CHTHanoB BHeuiHero nepenaTHHKa, bmxoji 
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HHTerpaTopa 13 npncoenHHeH k Bxoay noporoBoro ycrpoftcTBa 14, bwxoa 
KOTOporo np hcocbhhch k nepBOMy Bxoay cxeMM HJIH 15, Bbixoa KOTopofi 
noiiKJiM3HeH k ynpaBjiHiomeMy Bxo^y reHepaTopa 16 cepHM HMnyjibcoB, 
Bbixonbi KOToporo hbjddotc^ BbixoaaMH 6iiOKa ynpaBjieHH* 5 h 
npHCoenHHeHbi k aneicrpoflaM 3 (3-1, 3-2). Ejiok ynpaBJieHra 5 coaepacHT 
nepBoe h BTopoe <J>HJibTpyiomHe ycTpoHcmaa 17 h 18, Bxoabi KOTopwx 
coeAHHCHLi Me>Kfly co6om h ABJiaioTca BTopbiM bxo/jom 6jioxa ynpaBjieHHa 5 
h noAKJuoneHBi k BTopoMy Bbixoay ycTpoftdBa 6 (6-2) juw npneMa CHTHajioB 
BHVipeHHHx opraHOB h/hjih BHemHero nepeaaTHHxa. B-ropoH bxo« cxeMbi 
HJIH 1 5 noflKjnoneH k Bbixoay RS Tpmrepa 1 9, bxoh ycraHOBKH KOToporo 
no^KJDOMeH k Bbixojiy nepBoro (J)HJibTpyK>mero ycTpoiKrraa 1 7, bxoa c6poca 
nojiKjnoHeH k Bbixo;iy BToporo <J)HJibTpyioiiiero ycrpoHCTBa 18. 

B HawiyHineM BapHaHTe (4>ht.5) 6jiok ynpaBJieHH* 5 BbinojmeH b bhjic 
MHKpoKOHTpojuiepa 21, 1-N aHajioro-itP!cj)poBbie Bxoabi KOToporo nepe3 
ycuriHTejiH 20, Bxoaw KOTopbix aBJunoTCH 1-N BxonaMH 6jiOKa ynpaBjieHiw 5, 
npHcoemmeHbi cooTBCTCTBeHHO k 1-N BbixonaM ycTpoiicTBa 6 ;uw npneMa 
CHraajiOB BHyrpeHHHX opraHOB h/hjih CHTHajioB BHeumero nepeaaTHHKa, a 
ero 1-M Bbix<xnbi, flBJunomnecfl 1-M BbixoaaMH 6jiOKa ynpaBJieHHfl, 
npHCoeflHHeHbi k 1-M ajieicrpoflaM aneiopocTHMyjurropa cooTBercTBeHHO, 
AonojTHHiejibHbie 1-P Bbixoflbi MHKpOKompojuiepa 16, aBjunomHecH 1-P 
BbixoaaMH 6jiOKa ynpaBjierow, coeaHHeHbi c 1-P flonojimrrejibHbiMH 
3JieicrpoflaMH 7. 

3jieKTpocTHMyji5rrop )KKT pa6oTaeT cjiejiyiounfM o6pa30M. 

3neKTp0CTHMynOT0p BBOflflT B MCCJiyHOH HO-KHUieHHblH TpaKT opajibHo HJIH 

peicranbHO. CepHH HMnyjibcoB co cpeaHecTaracTHHecKHMH 
xapaKTCpHCTHKaMH nocrynaiOT c 6jiOKa ynpaBjieHiw 5 Ha 3Jieicrpo;u>i 3- 
1...3M. YcTpoHCTBO 6 mix npneMa CHTHajioB BHyTpemmx opraHOB wlwnw 
CHfHajiOB BHeuiHero nepeiiaTMHKa penurrpHpyeT naHHbie o 
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(J)H3MOJ10rHMeCKOM aKTHBHOCTH )KKT - 0 B03HHKaK)LHHX BOJIHaX 

nepHcrajibTHKH, KOTopbre nepeaawTca Ha 1-N Bxoflbi Qjiom ynpaBJieHH* 5. 

IlpH AOCTH>KeHHM JXQCT3TOHHO BblCOKOH MOTOpHOH aKTHBHOCTH )KKT, 

KOTopaa xapaicrepH3yeTCfl onpe^ejieHHOH aMiuiHTyaoH h nacTOTOH 
Hanp^DKeraw, nocrynaiomero c jiaTHHKa mBJieum hjih jsaTHHica 
6HonoTeHimajioB (oueHOHHbie KpHTepnn h napaMerpbi HMnyjibcoB 
npKBezieHbi b pa6crre «ABTOHOMHbie 3JieKTpocTHMyjurropbi opraHH3Ma 
nejiOBeKa h >KHBOTHbix» ricKapCKHH B.B. h pp. CMY, Tomck 1995), T.e. npH 

BOCCTaHOBJieHHH MOTOpHOOBaKyaTOpHOH 4>yHKUHH )KKT hjih npH 

flocTH^ceHHH HHoro 3(J)(|)eKTa ot 3JieKTpocTMMyjumnH, 6jiok ynpaBjieHHH 5 
OTKJiiOHaeT cepHH HMnyjibcoB, hjih h3mciwct hx napaMerpbi. H3MeHeHHe 
napaMerpOB CTHMyjiHpyio iiihx HMnyjibcoB ot cpeaHecTaTHCTHHecKHx 
npoH3BOiUfTca Toryja, Korjxa peanuiw opraHOB )KKT Ha 3JieKTpocTHMyjifliiHK) 
OTJIHHaeTCH OT CpeflHeCTaTHCTHHeCKHX xapaKTepHCTHK, HaKoruieHHbix B 
npouecce npHMeHemw 3JieKTpocTHMyjifliiHH >KKT. HanpuMep, npn hh3koh 
MOTopHOH aKTHBHOCTH opraHOB )KKT nocjie onpeiiejieHHoro nepnona 
CTHMyjiHLpiH HMnyjibcaMH co cpe^HecTaTHCTHHecKHMH xapaicrepHCTHKaMH 
(tok, HanpjDKeHHe) hmcctch B03M0>KH0CTb nocTeneHHO yBejiHMHBaTb tok hjih 
HanpraceHHe 3JieKTpocTHMyjwiiHH no jlocth^cchkh nojioaorrejibHoro 
3<|)<|>eKTa. riocjie otkjuomchhk HMnyjibcoB hjih h3mch6hhh hx napaMeTpoB 
Sjiok ynpaBJieHH^ 5, no 3ajio>KeHHoft b MHKpOKOHrpojuiep 21 nporpaMMe, 
npo^ojDKaer cjie^ceHHe 3a aKTHBHOCtbK) >KKT, 3a CHraaJiaMH nocrrynaioiuHMH 
ot BHyrperaHx opraHOB Ha vctpohctbo 6 xui* npneMa cnrHajioB BHyrpeHHHx 
opraHOB h/hjih CHrnanoB BueuiHero nepeaaTMHKa h b cootbctctbhh c 
iiaaaHHofi nporpaMMOH HMeeT B03MO>KHOCTb BKjnonarb onpejiejieHHbiH 
pe>KHM 3JieKTpocTHMyjiHUHH, noiuoiJonaTb aonojiHHTejibHbie 3JieKTpoxu>i no 

OTAeJIbHOCTH HUH B KOM6HHaiIHH B 3aBHCHMOCTH OT 33£aHHOH nporpaMMbl 

Jienerow. Tax, HanpHMep, bo3mo>kho ocymecTBJieHHe 3JieKTpocTHMyji5JUHH 
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)KKT c 6HoynpaBjieHHeM, Rax oriHcaHO M.A. Co6axHHbiM h LLIenejieBbiM B.A 
b pa6oTe «,fl;ani,Hefiiuee npH6opHo-MeiojiHHecKoe o6ecneHeHHc 
3JieiapHMecK0fi CTHMyjwuHH 5KejiyflKa c Hcnojib30BaHHeM npHHimna 
o6paTHoft cb*3h», /3KcnepHMeHTajibHaa xHpypnw h aHecTe3HOJiorcw/ - 1973 
r . Na2, c.26. Yctpohctbo 6 ana npneMa chthojiob BHyrpeHHHx opraHOB h/hjih 
CHTHajiOB BHeiiiHero nepeaaTMinca perHcrpHpyeT 6HonoTeHUHajiw )KKT h b 
KajKayio 4>a3y nojioacHTejibHOH nojiyBOJiHBi 6HonoTe huhsjiob 3KKT 6jiokom 
ynpaBjieHHH 5 noaaioTCH CTHMyjiHpyiowHe HMnyjibCbi Ha sjieicrpoiibi 
3JieKTpocTHMyjurropa. C noMombio ycTpoficTBa 6 juis npneMa CHraajioB 
BHyrpeHHHx opraHOB h/hjih CHTHanoB BHeumero nepe^aTqinca, 
BtmojiHeHHoro b biw aaTHmca pH (khcjiothocth), mojkho oTCJieiurrb 
nepeMemeHHe 3JieicrpocTHMyjwTopa H3 acejiyaKa c khcjioh cpejiOH b 
KimieHHHK c mejioHHofi cpeaoH, hto Heo6xoanMo 3HaTb npH Ha3HaneHHH 

DJieKTpOCTHMyjWUHH H/HJIH BHeceHKfl MHKp03JieMeHT0B H JieKapCTBeHHblX 

npenapaTOB b onpeaejieHHbie oiTiejibi )KKT. PeracrpamM cracKeHiw 

KHCJIOTHOCTH C pH 1.9 flO pH 5.5 CBHUerejIbCTByeT 0 flOCTICKeHHH 

nojio>KHTejibHoro D^eicra ot 3JieKTpocTHMyjiauHH y 6ojibHbix racTpmoM 

(CM. «ABTOHOMHbie SJieKTpOCTHMyjIHTOpbl OpraHH3Ma HeJIOBeKa H HCHBOTHbIX» 

neKapcKHfi B.B. h ap. CMY, Tomck 1995 crp. 68). PerHCTpamw yBejimeHMH 
TeMnepaTypw )KKT c noMombio jaaTHwca TeMnepaTypbi Bbiiue ypoBHa 
npoTHBonoKa3aHJW npHMeHeHiw sjiempocTHMyjuiiniH (t3m ace, CTp.6) b 
paMKax 3aiiaHH0H nporpaMMii no3BOJiHer 6jiOKy ynpaBjiemw 5 
aBTOMaTHHecKH oTKjnoHHTb sjieKTpocroMyjijrrop. B cjiynae croDKerani 
3KTHBH0CTH 3KKT HHJKe onpeaejieHHoro ypoBH*, 6jiok ynpaBJiemw 5 
BKjiKmer cepra HMnyjibcoB h peryjiHpyeT hx nocrynneHHe Ha sjiempoiibi 3- 
1...3-M, KOTopwe conpHKacajOTca co creHKaMH KHUieHHHKa. SjiejopHHecKHe 
HMnyjibCbi, B03^eficTByfl Ha creHKy KHUieHHHKa, BbnbiBaiOT OTBeTHyio 
peaxuHK) b BHfle BOJiHbi nepHcranbTHKii, KOTopaa nepeflBuraei 
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DJieKTpOCTHMyjlHTOp H COiiep>KHMOe KKUJKH B flHCTaJIbHbie ee OTAe/lbl, Ha 

KOTopBie noiiaeTCH onepenHaa cepna HMiiyjibcoB h npouecc noBTopaeTca. 

Koi\aa bo3hhk3K)t 6ojim HJiM MbiuieHHbie cyaoporH, npw npoxo*caeHHn 
onpeaejieHHbix OTnejiOB }KKT, y namieirra HMeerca bo3mo>khocti> OTKJiKmTb 
ajieiopocTHMyjurrop hjih H3MeHHTb napaMerpw ero HMiiyjibcoB (yMeHbiiiHTb 
tok, HanpiiHceHHe) c noMombio BHeumero nepeaarHHKa, kotopwh He 

06H3aTeJlbH0 MOMCCT 6bITb yCTpOHCTBOM, HaiipiiMep CHTHaJIbl bkjuohchhh hjih 

BbiKjnoMeHHH mo)kho noiiaTb noxjionbiBamieM no MbiniuaM fJpioniHoro 
npecca. 3to no3BOjmeT CHATb MbiuieHHbie cyaopora h 6ojih y naiiHeirra - 
CHH3HTb no6oMHbie OTpHuaTejibHbie 34«|)eKTbi npHMCHeHHH A3C )KKT. 
HMeeTca B03MO>KHOCTb npoH3BOflHTb Ha6jnofleHHa jienaiuHM BpanoM 3a 
CHraajiaMH, nocrynaiomHMH ot BHyrpeHHHX opraHOB, h nepenaBaeMbiMH 
nepeaaTHHKOM 10 curHajioB Ha BHeuiHHH npneMHHK fljia 6ojiee tohhoh 
OTaTHOCTHKH h JieHerow. 

3iieKTpocTHMyjiOTop coflep^cHT ycTpoKcTBO 6 Ann npneMa curHajioB 
BHyrpeHHHX opraHOB h/hjih BHeuiHero nepejiaTHHKa, KOTopoe BbinojmeHO b 
BH^e 1-N aaTHHKOB, perHCTpnpyiomHX 4>H3HOJiorHHecKHe napaMeTpbi 

MOTOpHO-3BaKyaTOpHOH ^yHKIIHH H COCTOflHHfl opraHOB )KKT, a TaiOKe 

cranajibi BHeuiHero nepeaaTHHica. YcTpoficTBO 6 MoaceT coaepacaTb usthhk 
AaBjieHHH, iiaTMHK rpaaHeirra aaBjieHHa, jxbjhuk pH (khcjiothocth), aaTHHK 

(J)OHOBOH (aKyCTHHeCKOH) aKTHBHOCTH, flaTHHK GHOnOTeHlXHaJlOB, flaTHHK 

npoBOflHMOCTH (HMneaaHca) npHJieraiomnx TicaHeH, naTHHK TeMnepaTypbi h 
t./i, npHMeM b KanecTBe 3JieiapoflOB aaTHraca npoBOKHMOCTH npHJieraiomiix 
TKaHefl h naTMHKa 6HonoTeHimajiOB Moryr Hcnojib30BaTbca 3JieicrpoAbi 

3JieKTpOCTHMyjlJlTOpa 5 KaK OCHOBHbie, TaK H AOnOJIHHTeJlbHbje - B 3TOM 

cjiynae bo3MO>kho no jikji K)HeHHe 3/ieKTpo.aoB HenocpezurrBeHHO k Bxonaju 
6ji0Ka ynpaBjieHHH 5 c B03MO)KHOCTbK> H3Mepefflw npoBOjtuiMOcra 
npHJieraiomnx TKaHefi \i chath* 6nonoTeHiiHajiOB. Yctpohctbo 6 conep)KHT 
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TZUGKe HaTHHK BHeUIHHX CHTHaJIOB, C nOMOlUbK) KOTOpOTO npHHHMaiOTCa 

KOMaaabi ot BHeuiHero nepeaaTHHica, TaKHMH aaTHHKaMH Moryr 6tiTb 

KH^yKTKBHLIH KOHTyp, aKyCTHMCCKHft HJIH yJIbTpa3ByKOBOH J^aTMHK H T.fl., 

nepeaana KOMaaa Moacer ocymecrBJiHTbca no paflKOKaHany, HHiiyKTHBHo, 
3ByK0M, yjibTpa3ByKOM m T.fl., npHHeM bo3mo>kho coBMemeHHe npHeMa 
oahhm AaTHHKOM CHTHaJIOB BHyrpeHHHx opraHOB h CHrHajioB BHeuiHero 
nepeaaTHHKa. 1-N Bbixoflbi ycnpoHCTBa 6 turn npHeMa CHTHajiOB BHyrpeHHHx 
opraHOB h/hjim cnniajiOB BHeuiHero nepe^aaiHHKa npHCoenHHeHbi k 1-N 
BXO^aM 6iiOKa ynpaBJierow 5, npnneM b cocrraB ycrpofiCTBa 6 Moxcer BxonHTb 
ycHjiHnrejib-npeo6pa30BaTejib, BbinojiHeHHbifi c B03MoacHOCTbK) ycmiHBaTb h 
npeo6pa30BbiBaTb cnrHajibi ^arnHKOB b npeaejiax, Tpe6yeMbix nw HaaeacHofi 
pa6oTbi 6;iOKa ynpaBJiemw 5. 

1-M BbixoiibJ 6jioKa ynpaBJiemis 5 npHcoeziHHeHbi k 3JieKTpo>aaM 3- 
1...3M cooTBercTBeHHO. aonojiHHTejibHLie 3JieKTponbi 6-1...6P 
npHcoeflHHeHbi k OTflejibHbiM 1-P BbixoaaM 6jiOKa ynpaBJieroia 5. Bjiok 
ynpaBJieHMA 5 HMeer B03Mo>KHOCTb no 3aaaHHOMy annapaTHO hjih 
nporpaMMHo ajiropHTMy BKJiKmTb hjih BbiKJuonaTb noaany HMnyjibcoB Ha 
3JieKTpoflbi 3-1. ..3-M He h3mchhh nojiapHOcra (MOHonojiapHo) hjih H3mch^h 
HX nOJIHpHOCTb (6HnOJDipHO), C pa3JIHHHbIM owbhtom 4>a3, a TaioKe Ha 
aonojirorrejibHbie ajieiopoflbi 6-1...6-P, hjih H3MeHjm> napaMeTpw HMnyjibcoB 
(tok, HanpraceHne, zuiHTejibHOCTb, nacroTy, (J>a3y cjieaoBaHHa HMnyjibcoB, 
4>opMy, CKBaacHOCTb h t.a.) b 3aB hchmocth ot CHTHanoB BHyrpeHHHx opraHOB 
h/hjih b 3aB hchmocth ot CHTHanoB, nocrynaioruHX ot BHeuiHero 
nepeaaTHHKa, KOTopbin HaxosHTcn y naimeHTa hjih y Bpana. Bo3Mo>KH0CTb 

H3rOTOBJieHH5l 3 JieKTpOCTHMy JlflTOp a CO CMeHHblMH flOnOJIHHTeJIbHblMH 

3JieiapoAaMH 7 no3BOJiaer nauHemy Hcnojib30BaTb 3JieKTponbi c 

pa3JIHHHbIMH nOKpblTIWMH H3 MHKp03JieMCHTOB HJIH JieKapCTBCHHblX 

npenapaTOB iiH(})({>epeHUHajibHo : b 3aBHCHMOCTH ot xapaicrepa npmieHeHHK 
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3JieKTpocTHMyjiHTopa, jihGo no Ha3HaneHHK) Bpana hfih no peKOMeHaaunaM 
jieneGHtix nporpaMM. 3jieKTpo;ibi BbinojiHflJOTca H3 hctokcmmhofo, 
6HOJiorHH^CKH HefinpanbHoro MaTepnajia, ycroHHHBoro k arpeccHBHOH cpeae 
cruiaBa, HanpHMep H3 Hep>KaBeiomeH crrajiH, ohm Moryr 6biTb BbinojiHeHbi kzk 
KOHCTpyKTMBHWH djicmght Kopnyca, jih6o HaHeceHbi b BHjxe npoBO^iuew 
njieHKM Ha jw3JieiapHHecKHH Kopnyc nmnojiH. OopMa 3JieiapojiOB flOJUKHa 
o6ecnennBaTb xopouiHH KOHTairr c npiuieraioiHHMH MbiiueHHbiMH TKaHHMH. 
Kopnyc 1 3JieKTpocTHMyjurropa aojdkch 6biTb oSTeicaeMbiM, npHroziHbiM juia 
6e3onacHoro npHMeHeraia opajibHO, peicrajiLHO, BarHHajibHO. Kopnyc 1 
AOJDKeH o6ecneHHBaTb repMeTHHHOCTb KaK 3JieKTp0HH0H cxeMbi, TaK h 

HCTOHHHKa ITHTaHHJI 4, H flOJDKeH 6bITb BbinOJIHeH H3 HCTOKCHMHOrO, 

6nojiorHHecKH HefrrpajibHoro (ranueBoro) mojieicrpHKa. 

3jieKTpocTHMyjiHTop )KKT coaepacHT nepeaaTHHK 10 CHmajiOB, k 1-N 
BxoflaM KOToporo npHcoe^HHeHbi 1-N Bbixoabi ycTpoftcTBa 6 ajih npHeMa 
CHTHajioB BHyrpeHHHX opraHOB h/hjih cHraajiOB BHeuiHero nepeflamraca, Ha 
N+l bxo;i nomoiiOHeH oxaejibHbifi Bbixoa Gjioica ynpaBJieHH* 5, HH^opMauwj 

npHHHM aeTCH BHeWHHM npHCMHHKOM /Ulfl MeHHIIHHCKHX H a6 JIK)jJCHHH H 

AHarHOCTHKH. riepeaana HH(j)opMauHH mohcct ocymecTBJurrbCfl no TeM ace 
KaH&naM, hto h npneM bhciiihhx KOMaim, bo3mohcho ojihhm h TeM ace 

JiaTHHKOM - HanpHMep yjIbTpa3ByKOBOH flaTHHK HJ1H axyCTHMeCKHM MHKp0<j)0H 

MoryT H3JiyMaTb yjibTpa3ByKOBbie hjih 3ByxoBbie KOJie6aHH£. KOTopue Moryr 

6bITb npHHHTbl BHeiUHHM npHCMHHKOM, TaKHM OOpa30M MO>KHO 

HCnOJlb30BaTb H HHJtlYKTHBHblft KOHTyp. 

B BapnaHTe c bhciuhhm ynpaBJieHHeM (4)hi\3) 6jiok ynpaBJieHH* 5 
co/iep>KHT (j)HjibTpyK)mee ycTponcxBO 11, bxoa KOToporo npncoeflUHeH k 
Bbixoay ycrrpoHCTBa 6 mix npneMa CHraajiOB BHyrpeHHHX opraHOB h/hjih 
CHTHajioB BHeuiHero nepenaTHraca, Bbixon (J)HjibTpyK>uiero ycrpOHCTBa 1 1 
npwcoeiuiHeH k Bxojiy ycHJiHTeju-orpaHHHHTejui 12. bwxoji KOToporo 
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npHcoe^raeH k ajieicrpo.ny 3-1 3JieicrpocTHMyjWTopa, a ero o6maa uiHHa 
coeiWHeHa c ajieiopoaoM 3-2. OmibTpyioiuee ycrpoHCTBo 11 BbmejweT 
nojie3m,iH CHTHaji BHeumero nepe^aTHHKa, a ycHJitfrejib-orpaHHwejib 12 
ycHjiHBaeT h orpaHHHHBaeT napaMerpbi HMnyjibcoB b Tpe6yeMwx npe/iejiax 
(HanpHMep, tok He 6ojiee 10 mA.). 

BapHawr 6jioica ynpaBJieraw 5 (<J)ht. 4) c OTCJie>KHBaHHeM skthbhocth 
5KKT h c BHeinHHM ynpaBJieHHeM BbinojiHeH b bhrc HHrerpaTopa 13, 
ynpaBjwiomero reHepaTopoM 16 cepHH HMnyjibcoB, kotopmh npeacTaBjuieT 
codoii, HanpHMep, nocjieaoBaTejibHyio nein> My jibTHB H6p aTopoB , 
<j)opMHpyiomHx cepnH HMnyjibcoB, npHMepoM TaKoro reHeparopa aBJiaeTca 
MHKpocxeMa H106A, npHMeiweMaa b A3C >KKT. Bjiok ynpaBjierow 5 
pa6oTaeT no auropHTMy, 3aaaHHOMy annaparao: npu nocnvKemm bmcokoh 
motophoh aKTHBHOCTH )KKT HMnyjibcu (Hanpa>KeHHe) c Bbixo/ia ycTpoiiCTBa 
6 (6-1) njix npneMa cHTHanoB BHyrpeHHHx opraHOB h/hjih chthojiob 
BHeuiHero nepeaaTHHKa, KOTopoe perHCTpHpyeT xapaKTepHCTHKH motophoh 
aKTHBHOCTH 5KKT, HanpHMep ztaBJieHne hjih GHonoTeHunajibi, nocTynaiOT Ha 
Bxoa HHTerpaTopa 13, KOTopbifi HBJiaeTca nepBbiM bxoaom 6jioKa ynpaBjieHiw 
5, Bbixofl KOToporo npHcoeaHHeH k Bxojry noporoBoro ycTpoHCTBa 
(KOMnapaTopa) 14. ripn bmcokoh motophoh aKTHBHOCTH 5KKT HanpaaceHne 
Ha Bbixoae HHrerpaTopa 13 aocTHraeT noporoBoro ypoBHa h noporoBMM 
ycTpoficTBOM 14 npoH3BOflHTca OTKJiioHeHHe reHepaTopa 16 cepHH 
HMiry^bcoB nepe3 nepBbin bxoa sjieMeHTa HJIH 15, bmxoa KOToporo 
noawnoHeH k ynpaBJiaiomeMy Bxo;ry reHepaTopa 16 cepHft HMnyjibcoB. ripn 
CHHMceHHH MOTopHofi aKTHBHOCTH )fCKT HanpajKeroie Ha Bbixoae HHTerpaTopa 
13 CHH3KaeTCH rotace noporoBoro ypoBH* h noporoBbiM ycrpOHCTBOM 14 
nporoBOflHTca BKjnoHeHHe reHepaTopa cepHH HMnyjibcoB 16. ElepBoe 
(J)HJibTpyioinee ycTpoHCTBO 17 BbmejiaeT CHTHaji BKjnoHero«? 
3^eKTpocTHMyjuTopa, BTopoe <J>HjibTpyiomee ycrpoHCTBo 18 BbiaejiaeT 
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CHTHaJl BblKJUOHeHHfl 3JieKTp0CTHMyJlflT0pa, HX BblXOflbl lip HCOejlHHCHbJ 

cooTBeTCTBeHHO k Bxoay ycTaHOBKH h c6poca RS Tpmrepa 19, bmxoa 
KOToporo noflKJiiOHeH k BTopo\fy Bxoay cxeMbi HJIH 15. IlpH nocrynjjeHHH 
co BToporo Bbixoaa ycrpoficTBa um npHeMa CHraajiOB BHyrpeHHux opraHOB 
h/hjih CHTHanoB BHeuiHero nepenaTHHKa (c naTHHKa CHraajiOB BHeumero 
nepeaaTHHKa) chth8jiob BKjnoneHHfl hjih blikjoohchiw 3JieKTpoCTHMyjiHTopa, 
cooTBeTCTByiomee 4>HjibTpyiomee ycTpoftcTBO ycraHaBJiHBaeT hjih 
c6pacwBaeT RS TpHrrep 19, BKjnonaa hjih BbiKjnoHaa nepe3 BTopoft bxoa 
cxeMbi HJIH 15 reHepaTop 16 cepnii HMnyjibcoB. 

B npeanoHTHTejibHOM BapnaHTe (4>ht.5) 6jiok ynpaBJieroiH 5 

BbinOJIHeH B BHfle MHKpOKOHTpOJUiepa 21, KOTOpblH COflep^CHT B CBOeM 

cocraBe MHKponpoueccop, naMHTb nporpaMM h aaHHbix, aHanoro-iiH^poBbie 
npeo6pa30BaTejiH, un(j)po-aHajioroBbie npeo6pa30BarejiH, ancKpeTHbie 
Bxoflbi/Bbixoflbi, xaiiMep (Ha nepTence He noKa3aHLi). npHMCpaMH peajnoauHH 

TaKOrO MHKpOKOHTpOJUiepa OTJbllOTCfl MHKpOCXeMbI PIC16C71 (})HpMbI 

Microchip, 83C51GB hjih 87C196KB <|)HpMbi Intel (cm. cnpaBOMHHK 
«0,aHOKpHCTajibHbie MHKpo-3BM» M.:MHKAI1, 1994 r., CTp.391). CnrHajibi 
ot BHyTpeHHHx opraHOB h/hjih ot BHeniHero nepeaaTHHKa c 1-N BbixoAOB 
ycnpoHCTBa 6 am rrpneMa cnrHajioB BHyrpeHHHx opraHOB h/hjih CHTHajiOB 
BHeuiHero nepeaaTHHica nocrynawT nepe3 ycnjiHTejiH 20 Ha 1-N aHajioro- 

im4>poBbie Bxo^bi MHKpoKOHTpojuiepa 21. AjiropHTMbi pearnpoBaHH^ 

MHKpOKOHTpOJUiepa 21 Ha 3TH CHTHaJIbl 3aJIO>KeHBI B Hero C riOMOlUbK) 
npOrpaMMbl, KOTOpa* 33HOCHTCH B MKKpOKOHTpOJUiep 21 HJIH Ha craiiiiH 

H3roTOBJieHHH, hjih Ha crajiHH npeAiipo^a^KHOH no^roTOBKH, hjih 
HenocpeacTBeHHO noTpeGHTejieM nepea HcnoJib30BaHneM. 3jieKTpoiibi 
aaTHHKa 6HonoTeHUHajiOB 6-1 coBMeiueHbi c 3JieKTpo,naMH 3-1 h 3-M 
3JieKTpocTHMyji5iTopa, cnrHajibi 6HonoTeHUHajiOB c hhx nepe3 ycariHTejib 20 
nocrrynawT Ha 1-biH aHajioro-un^poBofi bxoa MHKpoKOHTpojuiepa 21. jUa-pimc 
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CHTHajioB BHeuiHero nepejiaTHHica coBMemeH c nepeaaTHHKOM 10 chi-HcUiob, 

KOTOpblH BbinOJIHeH B BHH.C SKyCTHHCCKOrO MHKpO<J)OHa, BblXOA KOToporo 

nepe3 yctuiHTejib 20 noiiKjnoHeH Ha N-mh aHanoro-uji^poBOH bxoa 
MHKpoKOHTpojuiepa 21. Run 3 ji eicrpocTHMy jihuhh npitneraiomHx TKaHeft k 
3JieinpoaaM 3-1. ..3-M npncoenHHeHbi 1-M Bbixo/ibi MHKpoKOHTpojuiepa 2 1 , k 
flonojimfrejibHbiM 3JieKTpo>aaM 7-1. ,.7-P npHCoejumeHbi OT/iejibHbie 1-P 
BblXOflbl MHKpoKOHTpojuiepa 2 1 . 

IlpoMbiLimeHHafl npHMeHHMOCTb 
ripefljiaraeMbiM 3jieKTpocrnMyjWTop )KKT no3BOJiaeT aonojiHHTejibHo, 
no cpaBHCHHK) c HeynpaBJiaeMbiM A3C )KKT, ycrrpaHHTb TaKHe no6oHHbie 
OTJierow, KaK Sojih m MbiiuenHbie cyaoporn, CB«aHHbie c npoxoagieHHeM 
3JieKTpocTHMyjiHTopoM onpeaejieHHbix oTflejioB )KKT, noBbiCHTb 
3(J)(j)eKTHB Hocrb jieneHHa 3a cneT 6ojiee TOHHoro no#6opa napaMeTpoB 
3JieicrpocTKMyjwiiHH h 3a cneT TOHHoro h ao3HpoBaHHoro bhccchrji 

MHKp03JieMeHTOB HJIH JieKapCTBeHHblX npenapaTOB 3JieKTpOXHMHHeCKHM 

nyreM Ha 3ajiaHm>ix yHacncax ncejiyiioHHO-KHUieHHoro Tpaicra. 
H3roTOBjieHHe 3JieKTpoaoB crbeMHbiMH no3BOjmeT flH^x^epeHUHajibHO 
noaxoOTTb k jieneHHK) naiiHCHTOB, b 3aBHCHM0CTH ot xapaKTepa 
3a6ojieBamia Ha3HanaTb ajieicrpoAbi c TeM hjth HHbiM noKpbiTHeM H3 

. MHKp03JieMeHTOB HJIH JlCKQp CTB CHHblX npenapaTOB H HX KOM6HHaiXHH ? a 

TaKHce 3K0H0MifHecKH BbiroaeH fljw noTpe6HTejw, t.k. HMeerca B03Mo>KHOCTb 
npHo6peTaTb OTjaejibHO ot CTHMyjwropa cteMHbie aonojiHHTejibHwe 

3JieKTpOHbI C pa3JIHHHblMH nOKpblTHflMH H3 MHKp03JICMCHTOB IUIM 

jieKapcTBeHHbix npenapaTOB no Ha3HaMeHHio Bpana, hjth no peKOMewiauHaM 
JieneSHbix nporpaMM, b 3aBHCHMOCTH ot xapaicrepa npHMeHemw 

3JieKTp0CTHMyJlOT0pa. TaiOKe HMeeTCfl B03MO>KHOCTb npOH3BOaHTb 

Ha6jnoiieHHfl jienamHM BpanoM 3a coctohhhcm 6ojibHoro no cnrHa/iaM. 
nocTynaioiuHM ot BHyrpeHHHx opraHOB h nepenaBaeMbiMH nepeaaTMiiKOM 
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cnrHajiOB Ha bhciuhmh npHeMHWK. FIpe/uiaraeMbiH 3JieKTpocTHMyjiflTop >KKT 
MOxceT c ycnexoM npHMeHaTbca zuia ntneum h npo(J)HJiaKTHKM pa3JiwHHbix 
3a6ojieBaHHH b a6iiOMHHanbHOH xHpypran (nocjieonepauHOHHbie nape3bi, 
nepHTOHHTbi, naranonw acejiHeBbmejiHTejibHOH CHCTeMbi, oanoacHeHHbje 
4>opMbi «3BeHHOH 6ojie3HH Hcejiyjuca h aBeHaaiiaTHnepcTHOH khiukh), b 

HHTCHCHBHOH TepailHH H peaHMiMaUHH 60JlbHblX C OCTpblMH OTpaBJieHH5lMH, 

npn jieneHHH 3a6ojieBaHKfi TepaneBTpreecKoro npo^Hjw (racrpHTbi , He 
ocjioacHeHHbie A3Bbi >nejiy^Ka h iiBeHamiaTHnepcTHOH khiiikh, xpoHHHecKHfi 

OnHCTOpX03, OTCKHHH3HH HCeJIHHblX ITyTeM H TOJICTOrO KHUlCHHHKa, 

xpoHHMecKHe 3anopw). 

FlpeiuiaraeMbiH 3JieKTpocTHMyjDrrop )KKT He Tpe6yeT yHincajibHLix 
TexHOJiorHfi h peajiH3yeTCK Ha HHTerpanbHofi ajieMeHTHOH 6a3e no 
CTaHaapTHOH TexHOJiorHH npOH3BO£CTBa ni6piiaHbix liHTerpajibHbix cxeM. 

Flocjie onHcaHHK BapwaHTOB peajuoaiiHH H3o6peTeHHfl co ccbiJiKOH Ha 
npHjiaraeMbie HepTeacn hcho, hto HaeroHiuee H3o6peTeHHe He 
orpaHHHimaeTCfl TOJibKO dthmh BapHaHTaMH pea^nauHH H MTO pa3JIHHHBie 

H3MeHeHHH H MO,HH(j) HKSUHH MOryT 6blTb BbinOJIHeHbl COeUHajlHCTOM 6e3 

OTKJioHeHHH ot ochobhoh 3aaam KOTopas onpeaejiaeTca b npHJiaraeMbix 
nyHicrax (JopMyjibi. 
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<E>opMyna H3o6pereKna 
1 . 3jieKTpocTHMyjiHTop jKejiyziOHHO-KHiueHHoro Tpaiera, coaepacauiHH 
Kopnyc g 3JieKTpOAaMH b BHiie JieicapcTBeHHOH KancyjiBi, b kotopom 
pa3MemeH hctohhhk iurraHHH, oTJiiraaiomHHc si TeM, hto b Hero bbcjuchbi 
6jiok ynpaBJieHHH, M bmxoaob KOToporo npHCoejmHeHH cooTBeTCTBeHHO k 
M ajieicrpoflaM, ycnpoHCTBo fljm npHeMa curaajiOB BHyrpeHHHX opraHOB 
h/hjth CHTHajiOB b Hem Hero nepeflarrojca, 1-N Bbixoaw KOToporo 
npHCoeflHHeHU k cooTBCTCTByiomHM 1-N BxojxaM 6jiOKa ynpaBJierow. 

2. 3jieiapocTHMyjwTop no n.l^OTJiHHaiomHficfl TeM, hto ycrpoHCTBO mix 
npHeMa chth3jiob BHyTpeHHHx opraHOB h/hjih CHTHajiOB BHeuiHero 
nepeAaTTOKa BMnojmeHO b Bime 1-N jjaTHHKOB, peracrpHpytomHx 
4>H3HOJiorHqecKHe napaMerpbi MOTOpHo-3BaKyaropHOH (^yhkukk h 
TeKymero coctohhha opraHOB acejiyflOHHO-KHiueHHoro rpaicra, a TaioKe 
CHTHajiw BHeuraero nepejiaTHmca, Bbixoaw KOTopux hbjihk>tc» 1-N 
BBixoziaNfH ycTpoftcTBa juiK npHeMa CHTHajiOB BHyrpeHHHX opraHOB h/hjih 
CHTHajiOB BHeuiHero nepejiaTHHica. 

3. 3jieKTpocTHMyjurrop no n2 t otjihh aioujHHCH TeM, hto ycTpoftcTBO win 
npHeMa CHTHajiOB BHyrpeHHHX opraHOB h/hjih CHTHanoB BHeuiHero 
nepejiaTHHKa BHnojmeHO b bhuc jiaTHHKa jiaBjierow, aaTHHKa rpaflHeirra 
^aBjieHHK, naiHrnca pH, aKycTHnecicoro aa-nonca, jiaTHHica TeMnepaTypu, 
AaTHHKa CHTHajiOB BHeuiHero nepejaaTraica, aaTHHKa SnonoTeHUHajioB, 

AaTTOKa npOBOflHMOCTH. 

4, 3jieKTpocTHMyjwTop no n.l. , OTJiHnaiomHfic^ TeM, hto coaepaorr 
nepeaaTHHK cwnajiOB, k 1-N BxojiaM KOToporo npHcoeanHeHbi 
cooTBeTCTByiomHe 1-N bbixojim ycTpOHCTBa jyvi npHeMa CHTHajiOB 
BHyrpeHHHX opraHOB h/hjih BHeuiHero nepeaaTHmca, 6jiok ynpaBJieHHH 
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CH£l6)K6H OTfleJIbHbIM BblXOilOM, KOTOpblH COC/ZHHCH C N+l BXOflOM 

nepeziaTHKKa CHTHarcoB. 

5. SneiopocTHMyjurrop no n. 1., orjiHHaioLUHMCfl TeM, hto co/iep>KHT P 

AOnOJIHHTeJlbHblX aneKTpO^OB C nOKpblTHeM M3 MHKpO3HeMeHT0B HJIH 

jieKapcTBeHHHX npenapaTOB. 

6. 3jieKTpocTHMyjurrop no n.5.,OTJiHMaiomHHCH TeM, hto flonojiHHTejibHbie 

3JieKTpOflbI BbinOJIHCHLI CbeMHblMH. 

7. 3jieKTpocTHMyji;rrop no n.l,OTJiHHaiomHHCfl TeM, hto 6jiok ynpaBJiemw 
coflep^cHT (J)HJibTpyK>mee ycrponcTBO, bxoa KOToporo hbjwctch bxoaom 
6jioiea ynpaBjiemia h npncoeaHHeH k Bbixoay ycnpoHCTBa juw npneMa 
CHTHajioB BHyrpeHHHx opraHOB m/hjih CHmajiOB BHeuiHero nepeaaTHinca, a 
ero Bbixoji npHCoe^HHeH k Bxoay y c miHTejui-orp aHHHHTejw, bmxoa 
KOToporo siBjixtTCR BbixoflOM 6jioica ynpaBJieHHH h npHCoe/tHHeH k 
nepBOMy 3JieiapoAy 3JieKTpocTHMyjiflTopa, a ero o6maa uiHHa coeflHHeHa 

CO BTOpbIM 3JieKTpOflOM. 

8. 3jieKTpoCTHMyjiflTop no n.l,OTJiHHaiomHHCH TeM, hto 6jiok ynpaBjieHHa 
coaepHarr HHTerpaTop, bxoa KOToporo ABJiaeTCH nepBbiM bxoaom 6ji0Ka 
ynpaBjiemw h npwcoeflHHeH k nepBOMy Bbixoay yerpoHCTBa ann npneMa 
CHTHajioB BHyrpeHHHx opraHOB m/hjih CHTHajioB BHeuiHero nepeaaTHraca, 
Bbixofl HHrerpaTopa npHCoeflHHeH k Bxojoty noporoBoro ycTpowcTBa, bwxoa 
KOToporo noiuoiiOHeH k nepBOMy Bxozty cxeMbi HJIH, buxoa koTopofi 
noflKjnoneH k ynpaBjuuomeMy Bxoiiy reHepaTOpa cepun HMnyjibcoB, 
Bbixoabi KOToporo hbji5uotch Bbixo^aMH 6noKa ynpaBJiemw H 
npwcoeflHHeHbi k 3JieKTpo,aaM, bxoabi nepBoro h BToporo 4)mibTpyioiuHX 
ycTpoficTB, KOTopwe HBJWK)TCfl BTOpbiM bxohom 6jiOKa ynpaBjieHH* : 
npHcoejjHHeHBi k BTopoMy Bbixoay ycrpoHCTBa zuih npHeMa CHTHajioB 
BHyrpeHHHx opraHOB h/hjih cnrHajiOB BHeuiHero nepeAaTHioca, bbixoh 
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nepBoro 4>mibTpyiomero ycnpowcTBa ncwauoHeH k Bxoay ycraHOBKH RS 
TpHrrepa, bwxoa BTOporo 4)HJibTpyioiuero ycrpOHCTBa noflKjnoneH k Bxoay 
c6poca RS Tpnrrepa, bmxoh KOToporo nojuoiiOHeH ko BTopoMy Bxcxay 
cxeMbi HJIH. 

s 9. 3jieKTpocTHMyjwTop no n.l,OTJMHaK)mHMCH TeM, hto 6jiok ynpaBJieHiw 
coflep>KHT MHKpoKOHTpojuiep, 1-N aHajioro-uH^poBbie bxoali KOToporo 
nepe3 ycHjnrrejiH, Bxonbi KOTopwx flBJunoTca 1-N BxoaaMH 6;iOKa 
ynpaBjieraw, npHCoe/MHeHbi cooTBeTCTBeHHO k 1-N BbixoaaM ycrpoHCTBa 
fljw npHeMa cHraajiop BHyrpeHHHX opraHOB h/hjih cHTHanoB BHeuiHero 

io nepeaaTHHKa, a 1-M Bbixonbi, aBJUuomHeca 1-M Bbixo^aMH 6jioxa 
ynpaBjieHM, npHCoejotHHeHbi k 1-M 3jieiapoflaM ajieiopocTHMyjuiTopa 

COOTB CTCTB CHHO , flOIIOJlHHTeJIbHbie 1 -P BblXO/Jbl MHKpOKOHTpOJlJiepa, 

HBjwiomHecH 1-P BbixonaMH 6jiOKa ynpaBJierow, coeaHHeHbi 
cooTBeTCTBeHHO c 1-P flonojimrrejibHMMH 3JieiapoflaMH. 
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